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THE AMINO ACID REQUIREMENTS OF TWENTY-THREE 
LACTIC ACID BACTERIA" 

Br MVX S DUNN, S SHANIQI^N, MERRILL N CA.MIEN, \^D 
HATIRIETTE BLOCK 

{From the Chemical Laboratory j University of Caltjorma^ Los Angeles) 
(Received for publication, August 17, 1946) 

Microbiological proceduies which are convenient and readily adaptable 
to routine assays have been desenbed for nearly all of the commonly oc- 
curring ammo acids Although si\ strams of lactic acid bactena^ have been 
emplo 3 md in the deteimmation of ammo acids, it seemed desirable to study 
the nutritional requiiements of other organisms and, if possible, to make 
available additional assay piocedures Tv enty -three stiains of lactic 
acid bacteria have been mvestigated m the present v oik 

The ammo acid leqmrements of numerous strams of lactic acid bactena 
were studied b^^' Orla-Jensen et al (2) m 1936 Since that date, there have 
been comparable mvestigations of Leuconosioc mesenteroides P-60 (3), 
Streptococcus salivarius (4), Streptococcus faecahs R (4-6), Lactobacillus 
plantarum (7), L buchnen (8), L mannitopoeus (8), L lycopeisici (8), 
L delbruckti LD5 (9), L arabinosus 17-5 (10-12), L casei e (13), and 
L fcnnenti 36 (14) 

In the present work, it was desired to determme the response when the 
lactic acid bactena were cultured on a basal medium contammg the types 
and concentrations of nutrients vhich would promote rapid and abundant 
acid production It was anticipated from earhei expenences that the 
requirements of an organism for a given nutnent, estabhshed imder such 
conditions, would not disappear or change m the presence of substances 
introduced dunng the assay of a test matenal It has been found general!}^ 
true that microbiological methods which depend for their specificity on 
basal media which lack metabohtes, or have suboptimal concentrations of 
essential factors, are likely to be unreliable and of limited utihty 

* Paper 29 For Paper XXVIII m this senes see Dunn and Rockland (1) The 
subject matter of this paper has been undertaken in cooperation vnth the Committee 
on Food Research of the Quartermaster Food and Container Institute for the Armed 
Forces The opimons or conclusions contained in this report are those of the authors 
They are not to be construed as necessanly reflecting the view s or indorsement of the 
War Department This w ork w as aided by grants from the American Home Products 
Company, Merck and Company, Inc , the Nutrition Foundation, Inc , Standard 
Brands Incorporated, and the University of California 

^ Leuconostoc mesenteroides P-60, Streptococcus faecahs R, and the lactobacilh 
arabinosus 17-5, caset e, delbruchii LD5, and fermenti 36 
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AMINO ACID VND LACTIC ACID BACTLRIA 


lAPLRIMENTAL 

The response of each oigamsm listed m Table II, at 35°= and from o to 7 
incubation times, on the complete basal medium gii en m Table I, and on 
the same medium -with each of the amino acids omitted m turn, uas 
measured by titmting the combined solutions fiom duplicate lubes mth 
0 020 to 0 035 N NaOII m the presence of about 0 7 mg of brom-tlijunol 
blue indicator The total volume of medium per tube uas 1 ml per 3 inch 
test-tube oi 1 5 ml per 4 inch test-tube The inocula v ere prepared by 
groning the organism 24 hours on the medium given m Table I, c\cept that 
an acid hydrolj sate of 7 5 gm of casern uas substituted for all of the ammo 
acids other than cysteine, norleucinc, and tryptophane The cells uere 
centrifuged and resuspended in a volume of sterile saline equal to 3 times 
that of the medium in ivhich they nere gion-n Each tube uas inoculated 
uath approximately 0 I ml of this cell suspension The basal medium 
and the inoculum uere transferred to the tubes uith the aid of the Breuer 
automatic pipette (Baltimore Biological Company) Pnor to inoculation 
the tubes of medium were autoclaved for 5 minutes at 15 pounds in raclvs 
each contammg 330 tubes covered uith a closety fitting cap made from 
three layem of toweling After tubes uere removed from the incubator, 
growth Avas arrested by steaming the rack of tubes for 15 minutes at 100° 

The expenmental results are shown m Tables II to IX 

DISCUSSION 

The composition of the basal medium employed in the present experi- 
ments IS given in Table I It was expected that this medium would be 
reasonably satisfactory'-, since it contained four constituents (chohne, 
mositol, pyndoxamine, and pyndoxal) in addition to those present in media 
used prenously foi the quantitative determination of a number of ammo 
acids A further possible improvement in nutritional quahty was effected 
by increasing several-fold the concentrations of total vitamins and ammo 
acids 

That this medium is not fully optimal foi all strains of lactic acid bactena 
IS evident, since it did not permit any growth of Lactobaallus actdophtlus 
(4357) or of Lactobacillus planiarum (8008) As shown m Table II, the 
rate and amount of acid production over incubation penods ranging fioni 
0 up to 143 hours vere relatively high only for Leuconostoc ciirovorum 
(8081), Leuconostoc mesQnlei mdes P-60 (8042), and the lactobacilh pcntosvs 
(124-2), brassicae (8041), arabinosus 17-5 (8014), dclhTvchu LD5 (9595), and 
casev € (7469) Acid production was moderately good with all other 

* Selected because the rates of acid production n ore liiglicr than those obscr\ cd at 
28° and 40° for some of the lactic ncid bactena 
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stmus except Lactobacillus buchnen The response of fourteen of the 
organisms A\as further tested by measuring acid production m media 
containing 0 1 and 0 25 tunes the concentration of total amino acids and 
vitarmns g^^ en in Table I The results of these experiments are given m 
Table III The rate and amount of acid production observed m the ongi- 


Table I 


Composiiton of Basal Medium* 


Constituent 

Constituent 


mg per 1 


mg per 1 

di-Alanine 

667 

Uracil 

12 0 

Asparagine, natural 

667 

Xanthine 

12 0 

i(+)-Argimne HCl 

667 

Dextrose 

20,000 

Z(—) -Cysteine HCl 

667 

Sodium acetate 

12,000 

Z(+) Glutaimc acid 

667 

Ammonium chlonde 

6,000 

Glycine 

667 

KH.PO 4 

500 

/(-)-Histidine HCl H.O 

667 

K 2 HPO 4 

500 

Z(—) -Hydroxyproline 

667 

I\IgS 04 7 H 2 O 

200 

dZ-Isoleucine 

667 

FeS04 7H2O 

10 

Z(— )-Leucine 

667 

MnSO< 4H.0 

10 

dZ-Lysine HCl 

667 1 

NaCl 

350 

dZ-Methiomne 

667 

Thiamine hydrochloride 

1 0 

dZ-Norleucine 

667 

Pj ndoxine 

1 6 

dZ-Norvaline 

667 

Pyridoxamine 2HC1 

0 10 

dZ-Phenylalamne 

667 

Pyndoxal HCl 

0 10 

Z(—) -Prohne 

667 

dZ-Calcium pantothenate 

2 0 

<ZZ-Serine 

667 

Riboflavin 

2 0 

dZ-Threomne 

667 

Nicotinic acid 

2 0 

dZ-Tryptophane 

667 

Biotin 

0 005 

Z(“-) -Tyrosine 

667 

p-Aminobenzoic acid 

0 10 

dZ-Valine 

667 

Folic acidf 

0 005 

Ademne sulfate 2H^O ! 

13 8 

Choline chloride 

10 0 

Guamne HCl 2 H 2 O 

13 0 

Inositol 

25 0 

1 


* All of the ammo acids except prohne and hydroxyproline were of c p or higher 
quality Freedom of the constituents of the basal medium from contamination by 
amino acids other than norleucine and norvaline ^^as shown conclusively bj micro 
biological methods The final solution was adjusted to pH 6 8 
t Product described pre\nously (15) 


nal medium were significantly lower for all of the orgamsms in the medium 
containing one-tenth the total ammo acids and vitamms In the medium 
contammg one-fourth the total vitamms and ammo acids the rate of acid 
production was lower for aU strams except LactobactUics lycopersm (4005), 
Lactobacillus fermenii 36 (9338), Lactobacillus mannito'poeus, and Lacto- 
bacillus gayonii (8289) In all but a few cases, maximum acid production 
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Mas csscntiallj' the s.imc in the Imo media jUthough it seemed probable 
that the nutiitional quahlj of the original medium could be impioved, 


Tatill II 


Hates of Acid Production 


Orrmi m* 


L mcscnicroidcs (S293)J 

2 5 (10) 

L atrovorurn (7013)t 


L ciiroiOTum (797)t 


L viescnicroxdcs (9135)J j 

J 1 (9) 



L pentosus 121-2§ 

3 0 (11) 


2 0 (S) 

L buchnert^i t\\ 



1 9 (C) 

L ciiroiOTUin (S0S2)t 

0 G (23) 


0 0 (23) 

L dcxiraiucum (S358)t 

1 1 (9) 

L dcxlranicum (8359) t 

1 4 (9) 

L fcrmcnli 30 (9338) V,|l 

0 7 (7) 

L mannxlopocus^ t || 


L dclbruclii LD5 (9595)J, ** 

0 4 (IG) 

L caset (7409) t 

0 8 (IG) 

L gayonn (8289) t, H 


S faccahs B (8043) § 

2 5 (IS) 

L citrovormn (8081 )t 

1 S (9) 

L pcnioacclicuB (307)t,ll 

[iMin m 



L brevis (S257)J, |( j' 

£Q[S[ 


Ml Ofacidt 


8 

2 

(23) 

9 

0 

(31) 

9 

G 

(52) 

9 

9 

(99) 

S 

2 

(21) 

9 

7 

(52) 

m 

9 

(74) 

9 

1 

(98) 

7 

9 


9 

1 

(52) 

9 

5 

(74) 

9 


(98) 

8 

4 

(29) 

9 

2 


9 

G 

(73) 

9 

1 

(9S) 

8 

2 

enfl 

9 

5 

(52) 

9 

4 

(74) 

9 

G 

(98) 

9 

7 

(22) 

12 

2 

(30) 

17 

1 

(78) 

17 

2 

(97) 

9 

9 

(21) 

12 

2 

(29) 

15 

5 

(53) 

17 

2 

(77) 


5 

(IS) 

1 

5 

Eli 

m 

1 

(142) 




7 

9 

(12) 

n 

5 

(22) 

10 

9 

(55) 

17 

El 

(79) 

2 

8 

(29) 

3 

8 


4 

4 

(73) 

4 

5 

(98) 

2 

9 

(19) 

S 

7 

(73) 

9 

1 

(92) 

9 

El 

(143) 

4 

5 

(23) 

5 

8 

(50) 

G 

1 

(73) 

5 

5 

(98) 

7 

9 

(29) 

9 

1 

(50) 

9 

3 

(73) 

8 

8 

(98) 

3 

1 

(12) 

S 

9 

(23) 

8 

o 

(5G) 

8 

0 

(SO) 

0 

0 


S 

0 

(28) 

8 

7 

(52) 

8 

G 

(7G) 

1 

9 

(23) 

10 

5 

(11) 

16 

a 

(G4) 

m 

a 

(134) 

3 

3 

(23) 

11 

S 

(41) 

10 

2 

(G4) 

15 

0 

(134) 

3 

5 

(25) 

4 

S 

(31) 

8 

2 

(52) 

8 

1 

(75) 

1 

5 

(2G) 

6 

4 


8 

El 

(74) 

8 

4 

(93) 

8 

4 

(23) 

11 

8 


13 

2 

(73) 

13 

1 

(98) 

2 

2 

(19) 

4 

2 

(2S) 

0 

9 

(52) 

S 

7 

(7G) 

7 

0 

(24) 

12 

1 

(52) 

It 

9 

(74) 

14 

6 

(98) 

1 

3 

(19) 

2 

6 

(27) 

5 

4 

(51)| 

7 

4 

(75) 


* The numbers m parentheses arc those given b> the Amcncan Tjpe Culture 
Collection 

I Given as ml of 0 01 n NaOII to titrate 1 ml of final solution The values have 
been corrected for the blank titration The numbers in parentheses refer to the 


incubation time in hours 

J Obtained from the American T>pc Culture Collection 
§ Obtained through the courtesy of Dr E E Snell 

j| Subcultured toce monthly on Bacto-toinato juice agar (Difco) Other or- 
ganisms subcultured twice monthly on Bacto-jeast dextrose agar (Difco) 

^ Obtained through the courtcs> of Dr V II Ghcldelin 

** Obtained through the courtesy of Dr J L Stokes Both cultures behaved 
identically m a large number of experiments 


especially for some of the organisms, it Mas considered to be sufficiently 
lugh to make M^orth Mffiile the dcteimination of essential ammo acids 
Maximum acid production by each of the tMenty-three organisms M'as 
measured m the basal medium from which each of the tM'enty-one ammo 
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Table III 


Rates of Acid Prodxiclion on Media Containing Three Concentrations of Total Ammo 

Acids and Vitamins 


Organism 

Med 

mm* 

Ml of acidf 

L pcntosiis 124“2 

0 1 

2 7 (6) 

6 8 (22) 

9 4 (30) 

10 4 (50) 

11 1 (71) 


0 25 

3 4 

11 2 

13 3, 

15 8 

17 0 


m 

4 4 

14 8 

16 0 

18 0 

18 1 

L hrassicac (8041) 

0 1 

1 9 (6) 

5 0 (22) 

6 9 (30) 

7 2 (51) 

8 1 (71) 


0 25 

2 1 

9 3 

11 0 

13 4 

14 8 


1 0 

4 2 

14 2 

15 8 


18 6 

L buchneri 

0 1 

1 2 (7) 

2 0 (27) 

4 0 (96) 


5 0 (146) 


0 25 

1 3 

2 1 

4 1 

4 9 

5 5 


1 0 

1 9 

2 6 

4 4 

5 3 

6 0 

L arahinosns 17 5 (8014) 

0 1 


8 8 (22) 

10 0 (30) 

14 5 (71) 

16 0 (118) 


0 25 


10 6 

12 5 

17 2 

18 0 


1 0 

5 6 

17 5 

18 7 

19 2 

18 4 

L lycopersici (4005) 

0 1 

4 1 (21) 

5 5 (29) 

6 8 (50) 


8 4 (118) 


0 25 

4 7 

7 1 

10 1 

11 0 

11 0 


1 0 

5 5 

8 5 

10 7 

10 8 

10 5 

L ftrmenh 36 (9338) 

0 1 

2 1 (6) 

7 2 (22) 

7 7 (30) 

8 5 (51) 

8 7 (71) 


0 25 

2 3 

10 9 

10 5 


10 5 


1 0 

2 9 

10 9 

10 5 


11 0 

L manmiopocus 

0 1 


8 9 (29) 

10 2 (50) 


10 0 (118) 


0 25 


10 2 

10 3 


9 9 


1 0 


10 6 

10 4 

10 7 

10 2 

L delbiiicLii LD5 (9595) 

0 1 

3 2 (16) 

4 7 (24) 

9 2 (44) 

11 8 (65) 

13 8 (112) 


0 25 

3 7 

6 2 

11 7 

14 5 

18 2 


1 0 

5 9 

:io 3 

16 2 

18 5 

IS 7 

L caset (7469) 

0 1 

2 7 (16) 

1 4 2 (24) 

9 1 (44) 

11 6 (65) 

14 1 (112) 


0 25 

3 1 

5 4 

10 6 

13 5 

18 3 


1 0 


8 3 

15 2 

18 5 

18 6 

L gayonii (8289) 

0 1 

5 6 (21) 

1 6 2 (29) 

7 6 (50) 

8 0 (70) 

7 9 (118) 


0 25 

7 6 

! 9 1 

10 5 


10 2 


1 0 

7 6 

9 7 

10 9 

11 1 

10 5 

S faecahs R (8043) 

0 1 

1 8 (18) 

2 6 (26) 

2 8 (44) 

3 6 (65) 

4 5 (112) 


0 25 

3 8 

4 7 

6 3 

6 8 

7 0 


1 0 

5 1 

! 6 4 

8 5 

9 4 

10 2 

L penioaceiicus (367) 

0 1 

2 1 (16) 

2 3 (24) 

3 3 (44) 

3 8 (65) 

5 2 (112) 


0 25 


3 9 

5 1 

6 5 

7 5 


1 0 


6 6 

9 8 


10 3 

L mesenteroides P-60 (8042) 

0 1 

4 1 (21) 

4 6 (29) 

7 1 (50) 


9 1 (118) 


0 25 

8 2 

9 4 

12 7 

13 7 

14 3 


1 0 


13 2 

15 4 

16 8 

16 8 

L brevis (8257) 

0 1 

1 4 (7) 

2 4 (27) 

3 0 (48) 

3 4 (96) 

3 4 (96) 


0 25 

1 6 

3 4 

4 7 

5 7 

6 1 


1 0 

1 6 

6 3 

8 9 


10 2 
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Tablc III — Conclxtdcd 

* The media contained 0 1, 0 25, and 1 0 limes the concentration of total ammo 
acids and vitamins gnen m Table I Cr}stal]inc folic acid obtained from the 
Ircderlc Laboratories through the courtesj of Dr S M Hardy ^\as cmplo>ed in 
these media in place of the folic acid concentrate referred to in Table I 

t Given as ml of 0 01 n NaOH to titrate 1 ml of final solution The numbers m 
parentheses refer to the incubation tune m hours 

Tadlb IV 


Maxivitnn Aad Production tn Media Lading Ammo Acid* 


Amino acid absent from 
medium 

L mesenUrotdes 
(8293) 

L ctUo-orum 
(.013) 

L 

ctlroTorum 

(797) 

L mesertle 
rotdes (9135) 

L dextrameum 
(8086) 

Volume 

NaOH 

Time ’ 

tWWHl 

Time 

Vol 

ume 

NaOH 

Time 

Vol 

ume 

NaOH 

Time 

Volume 

NaOH 

Time 


ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

Glutamic acid 

1 

9 

75 

1 

6 

74 

1 

6 

98 

2 

2 

60 

1 1 

74 

Valine 

1 

2 

99 

1 

2 

74 

0 

8 

74 

0 

5 

73 

0 6 

52 

Isoleucmc 

9 

4 

99 

6 

7 

98 

6 

1 

98 

1 

9 

73 

0 9 

98 

Leucine 

9 

3 

114 

5 

3 

92 

9 

4 

114 

7 

8 

114 

9 2 

114 

Methionine 

5 

8 

99 

G 

3 

98 

4 

8 

74 

4 

4 

73 

3 4 

98 

Argimnc 

9 

7 

52 1 

9 

7 

52 

9 

8 

74 

9 

7 1 

73 1 

9 8 

52 

Tr 3 ptophanc 

9 

8 1 

52 

9 

7 

74 

9 

5 

74 

9 

5 

73 

9 5 

98 

Cj steinc 

9 

G 

75 

9 

3 

52 

9 

8 

52 

C 

G 

73 

9 4 

52 

Histidine 

8 

6 

52 

8 

5 

74 

8 

1 

74 

9 

6 

73 

8 3 

98 

Threonine 

10 

1 

99 

9 

4 

74 

1 G 

1 

74 

9 

5 

73 

9 8 

98 

Phcnjlalaninc 

9 

5 

52 

10 

1 

74 

9 

6 

74 

9 

3 

73 

9 4 

52 

Tyrosine 

9 

8 

52 

9 

7 

74 

9 

7 

74 

9 

5 

73 

9 6 

9S 

Glycine 

9 

9 

52 

10 

0 

74 

9 

7 

74 

9 

6 

73 

9 9 

52 

Asparagine 

9 

8 

52 

9 

8 

52 

9 

3 

52 

5 

2 

73 

9 6 

OS 

Lysine 

9 

0 

62 

i G 

8 

i 52 

9 

9 

74 

9 

6 

73 

9 9 

i 52 

Senne 

9 

8 

75 

9 

4 

71 

9 

3 

74 

9 

6 

73 

9 6 

52 

Alanine 

9 

8 

52 

9 

9 

52 

9 

4 

74 

3 

9 

50 

9 5 

52 

Proline 

9 

C 

! 52 

9 

2 

74 

9 

5 

52 

9 

G 

73 

9 3 

74 

Norleucine 

9 

8 

62 

10 

0 

74 

9 

9 

74 

9 

6 

73 

9 6 

52 

Hydroxyprolinc 

9 

8 

52 

10 

2 

74 

9 

9 

74 

9 

8 

73 

10 1 

74 

Norvahne 

9 

6 

53 

9 

8 

74 

9 

8 

74 

9 

5 

73 

9 5 

52 

Control 

9 

9 

99 

9 

9 

74 

9 

5 

74 

9 

6 

73 

9 5 

52 


* The acid production is given as ml of 0 01 n NaOH to titrate 1 ml of the final 
solution The values have been corrected for the blank titration The values shown 
in bold-faced type of less than one-fourth the ma\imum control titration are 
considered to be indicative of essential amino acids Since the inocula ^\ere un- 
usually large, relatively high blank titrations v^ovo not une\pected According to 
the observation of Virtanen and Karstrom (16), glucose is fermented by cells per se 
even in the non-living, dried state 

acids had been omitted m turn The results of these experiments are 
shown m Table IV The microorganisms are arranged m order of their 
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fastidiousness for the ammo acids, and the latter are hsted approximately 
m order of their indispensabihty for the strains tested For Lexiconostoc 
nicscnteroides (8293), the least fastidious stiam, only glutanuc acid and 
vahne were essential, while Lactobacillus brevis (8257), the most fastidious, 
required fifteen amino acids Glutamic acid and vahne were required by 
all of the orgamsms, while isoleucme was essential for all but three and 


Table IV --Continued 


Ammo acid absent from medium 

L 

hrassicae 

(8041) 

z 

buchnen 

Z 

pentosus 
124 2 

Z aro^i 
nosus 17 5 
(SOU) 

i 

ciiro 

vorum 

(8QS2) 

Z lyco 
perstct 
(4005) 

Volume 

NaOH 

Time 

Volume 

NaOH 

Time 

'o'* 

> 

z; 

Time 

u 

"o 

> 

0 

rt 

5 

Time 

Volume 

0 

Time 

Volume 

X 

o 

rt 

z 

Time 


ml 

hrs 

ESI 




ml 

hrs 

ml 


ml 

hrs 

Glutamic acid 

0 

6 

IBB! 


D 


E 


jRi 

2 

4 

1^ 

B 

5 

98 


E 

143 

Vahne 


4 

80 

0 

B 


E 


KS 

1 

7 

55 

E 

5 

98 

m 

E 

143 

Isoleucme 

0 

4 


B 

0 

■EH 

E 


RS 

2 

0 


0 

4 

98 

E 

0 

143 

Leucine 


E 

mm 


0 

142 

0 

9 

■Bi 

2 

2 

PS! 

la 

1 

66 

m 


143 

Methiomne 

7 

2 

80 

0 

6 

142 

14 

8 

80 

4 

4 

55 

1 

3 

73 

4 

5 

143 

Argimne 

17 

E 

80 

3 

0 

142 

17 

1 

80 

12 

6 

55 

E 

7 

98 

10 

0 

143 

Tryptophane 

16 

8 

80 

2 

9 

142 

16 

6 

80 

2 

7 

En 

1 

E 

98 

9 

1 

92 

Cysteine 

1 

1 

■Bin 


0 

■eH 

E 

B 

mm 

15 

1 

55 

4 

5 

98 

0 

1 

143 

Histidine 

17 

E 

80 

3 

3 

142 

17 

3 

80 

17 

1 

55 

0 

6 

98 

9 

6 

92 

Threomne 

17 

0 

80 

2 

9 

142 

16 

4 

80 

16 

6 

55 

3 

1 

98 

9 

5 

92 

Phenyl alamne 

17 

2 

80 

3 

0 

142 

17 

1 

El 

11 

4 

55 

5 

4 

98 

9 

4 

92 

Tyrosme 

17 

5 

80 

3 

3 

142 

16 

E 

80 

14 

0 

55 

4 

3 

98 

9 

5 

92 

Glycine 

17 

0 

80 

3 

0 

142 

17 

3 

80 

17 

1 

55 


5 

98 

9 

6 

92 

Asparagine 

17 

3 

80 

0 

1 

142 


n 


17 

1 

55 

3 

8 

98 

0 

1 

143 

Lysine 

17 

3 

80 

3 

4 

142 


1 


17 

1 

55 

3 

1 

98 

9 

4 

93 

Senne 

17 

3 

141 


8 

142 


1 


17 

0 

140 

3 

6 

98 

9 

4 

112 

Alamne 

17 

E 

80 

2 

7 

mm 


y 

|R 

16 

8 

55 

3 

7 

98 

B 

1 

143 

Prohne 

16 

8 

141 

2 

7 

142 


1 

R» 

16 

7 

mm\ 

m 

6 

98 

9 

6 

64 

Norleucme 

17 

3 

80 

3 

2 

142 

17 

2 


17 

0 

55 

B 

3 

98 

9 

1 

92 

Hydroxyprohne 

17 

E 

80 

3 

1 

142 

17 

4 


17 

0 

55 

4 

2 

98 

9 

4 

92 

Nor vahne 

17 

4 

80 

m 

E 

mm 

m 



17 

1 

55 

4 

1 

98 

9 

4 

92 

Control 

17 

2 

80 

3 

1 

142 

17 

2 


17 

0 

55 

4 

5 

98 

9 

1 

92 


leucme for all but four strams The number of strains which reqmred 
each of the foUowmg ammo acids are shown m parentheses methionme 
(10), argimne (10), tryptophane (13), cysteme (12), histidme (9), threonme 
(6), phenylalanine (7), tyrosme (8), glycme (4), aspartic acid (4), lysme 
(4), serme (2), and alamne (3) Norleucme, nori^ahne, prohne, and hy- 
droxyprohne were wnthout pronounced effect on acid production bj' any 
of the microorganisms If any other constituents of the basal medium 
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Mcic cont'iminatcd \\ith one or more of those four ammo acids, the non- 
osscntiahtv obser\ed for the latter Mould bo invalidated The qualit}’’ of 
the ammo acids cmplo 5 'cd in the present cxpeiimonts is indicated m the 
foot-note to Table I 

That noi leucine and nor\'ahne veie found to be non-cssontial Mas not 
unexpected, since these ammo acids may not exist in protein matenals 
Because the essentiality of piohne and hydroxyprohne might not have been 


Tabm: IV ^Continued 


Ammo acid absent from medium 


Glutamic acid 

Valine 

Isolcucinc 

Leucine 

Methionine 

Arginine 

Trj plophanc 

Cysteine 

Histidine 

jfThreonine 

Phenylalanine 

T} rosine 

Glycine 

Asparagine 

Lj sine 

Senne 

Alamne 

Prolmc 

Korleucme 

Hydroxyprohne 

K or valine 

Control 


L icx 
tranicum 
(8358) 

L dex 
trameum 
(8359) 

L Jer 
menu 36 
(9338) 

o 

"o 

o 

rt 

Time 

eo 

O' 

> 

Time 

1 Volume 
' XaOir 

E 

j H 

ml 

hrs 


krs 

ml 

hrs 

0 

9 

97 


7 

50 

0 6 

5G 


6 

73 


6 


0 6 

SO 

1 

5 

73 

B 

5 


0 6 

5G 

1 

0 


B 

4 

114 

0 6 

oG 

2 

2 

73 

2 

2 

50 

0 4 

SO 

2 

9 

50 

9 

G 

72 

9 1 

23 

1 

5 

73 

0 

8 

72 

0 6 

5G 

1 

2 

97 

G 

8 

72 

9 1 

5G 

1 

3 



B 

mm 


SO 

1 

1 


7 

1 

72 

9 1 

SO 

3 

5 

73 

i 

4 

72 

■tMn 

5G 

4 

S 

73 

7 

E 

72 

1 1 

SO 

C 


73 

9 

7 

72 

9 5 

23 

6 

2 

73 

9 

2 

72 

9 1 

23 

5 

8 

73 

0 

2 

72 

IE 

23 

3 

S 

60 

S 

U 

72 

IB 

IIG 

C 

8 

73 

9 

1 

50 

S 7 

5G 

4 

4 

73 

9 

2 

72 

9 1 

lie 

6 

1 

73 

9 

4 

72 

9 1 

m 

C 

1 

73 

9 

3 

72 

m 

23 

5 

9 

73 

9 

1 

50 

9 4 

23 

G 

1 

73 

9 

3 

72 


23 


I manni 
ioporus 

L 

delhrQchix 
LD5 (9a95) 

L casei 
(7469) 


u 

Dm 

u 

EO 

o 

o'' 

E 


E 


E 

> 



H 


H 

ml 

hrs 

ml 

hs 

ml 

hrs 

0 0 

IIG 


141 

EE 

HiAl 

150 

0 1 

llG 


141 

EKi 

150 

0 0 

IIG 


141 

EE 

150 

0 2 

IIG 

BBI 

141 


150 

0 1 

52 

11 8 

93 

IG 8 

150 

0 2 

14G 

1 1 

114 

0 9 

150 

0 2 

14G 

1 6 

144 

1 2 

150 

9 1 

7G 

2 6 

144 

2 2 

150 

9 0 

76 

11 2 

93 

15 5 

150 

9 1 

7G 

1C 2 

»ffil 

17 9 

150 

EE 

14G 

3 5 

93 

5 5 

150 

nin 

52 

4 2 

144 

3 9 

150 

9 0 

52 

16 7 

93 


1 150 

9 0 

52 

17 5 

93 

17 7 


9 0 

52 

13 5 

93 

17 4 

BSil 

9 8 

115 

0 6 

137 

1 8 

141 

m 


IKiai 

93 

16 8 

150 

9 S 

115 

15 5 

137 

16 8 

141 

8 8 



93 

17 1 

150 

m 




17 3 

150 

9 0 


12 2 


17 4 

150 

8 7 

52 

12 7 

mu 

17 2 

150 


exlubited in the experiments described, fiuthei studies A\ere made of these 
ammo acids This pioblem M'as of paiticulai interest because it had been 
found earher (3) that piohne was essential for Lcuconosloc mcscntei otdes P-60 
grown m a basal medium of different composition than that employed m 
the present expeiiments The requiiements of all of the organisms Mere 
remvestigated, therefore, M'lth the basal medium given m Table I, but 
modified to contam no prolme and hydroxyprohne or markedly lower 
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concentrations of these annno acids The rates of acid production by 
si\ of the miciooiganisnis on four types of modified media are shown m 
Table V The e\penmental data for seventeen of the strams vere not 
included in Table V, since the lates of acid production were not altered 
significantly even vnth both prohne and hydioxyprohne absent from the 
basal medium Sigmficant amounts of acid v ere formed by Lactobacillus 
lycopersici (4005), Leuconosioc dexiramcum (8359), Lactobacillus pento- 

Table IV— Concluded 


Ammo acid absent from medium 


Glutamic acid 

Valine 

Isoleucine 

Leucine 

Methionine 

Argimne 

Tryptophane 

Cysteine 

Histidine 

Threomne 

Phenyl al am ne 

Tyrosine 

Glycine 

Asparagine 

Ljsine 

Senne 

Alamne 

Prohne 

Norleucine 

Hydroxy prohne 

Norvahne 

Control 


L gayonit 
(8289) 

s 

faecaUs 

R (8043) 

L 

cxlrovorum 

(8081) 

no 


no 

u 


u 


§ 

'o^ 

§ 


B 

> 


> 

H 

> 

H 

ml 

la 

ml 

hrs 

ml 

hrs 

0 4 

99 

0 2 

168 


98 

0 4 

99 

0 4 

168 

0 9 

73 

0 3 

52 

0 6 

168 

1 0 

98 

0 1 

66 

0 4 


1 2 

92 

0 6 

52 

0 9 



73 

0 3 

52 

0 9 


1 1 

98 

0 3 

52 

1 2 

93 

2 6 

98 

9 0 

75 


93 


73 

2 0 

99 

0 9 

168 

1 8 

98 

3 9 

99 

0 4 

mm 

0 7 

98 

0 4 

52 

5 6 

93 


98 

0 4 

52 

1 9 

m 

3 7 

98 

9 2 

75 

2 9 

IE: 

1 8 

98 

9 0 

75 

8 1 

93 

4 7 

98 

Em 

52 

0 5 

168 

11 7 

73 

9 1 

1 52 

3 5 

137 

4 5 

98 

8 4 

75 

1 4 

mm 

1 2 

98 

9 0 

52 

8 1 

137 

12 5 

98 

8 5 

52 

8 7 

93 

14 1 

73 

9 3 

1 75 

8 1 

93 

13 3 

98 

9 3 

! 52 

8 1 

93 

14 3 

98 

8 2 

52 

8 4 

93 

13 2 

73 


L penlo- 
acettcus 
(o67) 

L mtsen 
teroides 

P 60 (8042) 

L brevts 
(8257) 

Volume 

NaOH 

Time 

Volume 

NaOH 

Time 

Volume 

NaOH 

Tune 

Vll 

hrs 

ml 

la 


1 hrs 

0 6 

94 


74 

w 

li 


170 


74 

w 

m 


170 

^g 

74 


169 


170 

jig 

92 


169 

1 2 

170 

3 5 

74 


169 

flM?! 

170 

iiln 

51 

R 

169 

0 7 

170 

1 2 

98 


169 

jig! 

94 

1 7 

98 

w 

169 

0 7 

170 

iS 

98 

!g 

169 

liMil 

170 


98 

0 0 

169 

1 2 

76 

3 7 

98 

1 0 

169 

m 

170 

2 8 

98 

1 2 

169 

m 

170 

22 

98 

m 

169 

5 6 

76 


74 


169 

0 9 

170 


98 

Qu 

169 

8 4 

139 

lEE 

98 

4 9 

140 

5 6 

76 

7 9 

98 

4 2 

75 

6 1 

114 

13 5 

98 

4 7 

140 

8 5 

76 

14 7 

98 

6 4 

75 

8 7 

76 

14 9 

98 

7 1 

75 

m 

76 

14 2 

98 

6 4 

75 

8 7 

76 

14 9 

74 

7 4 

75 


acettcus (367), and Leuconosioc mesenteroides P-60 (8042), even m the 
absence of both prohne and hydroxyprohne, although acid vas produced 
more slowly by the last tMO than the fii’st tvo strams Acid production 
was delayed by the last two organisms when prohne alone was omitted 
from the medium The slov rate of acid production by Leuconosioc citro- 
voTum (8081), and especiall}^ by Laciobacillus bievis (8257), on a medium 
with only prohne absent may indicate either a slov s 3 Tithesis of prohne 
or the presence of small amounts of prohne m the sample of hydroxyprohne 
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* The media were those given m Table I, except that Medium 1 contained one-twonticth the concentrations of proline and h\ - 
droxyproline. Medium 2 contained no hydroxyproline and one-tenth the concentration of prolino, Medium 3 contained no proline 
and one-tenth the concentration of hydroxyproline, and Medium 4 contained no prolino or hydroxyproline 

t Given as ml of 0 01 n NaOH to titrate 1 ml of final solution The figures in parentheses refer to tho incubation times m hours 
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The eleven ammo acids foimd to be essential for Lactohaallus fermenh 
36 (9338) on the medium given in Table I are the same as those reported 
earher (14) to be required on a medium of different composition It 
was showm pre^^ously (3) that seventeen ammo acids were required by 
Lcuconosloc mcscnteroides P-60 (8042), but it has been found subsequently 
(unpubhshed data) that alanme, prohne, and senne are S3mthesized after 
prolonged mcubation on this medium Similarly, alanme, glycme, prohne, 
and senne are synthesized rapidly, while phenylalamne and tsrrosme are 
synthesized slowly, on the present ennched medium Isoleucme was 
shown to be essential for Lactobacillus caset e (7469) on the present medium 
as n ell as that employed by Baumgarten ei cZ (17) Since McMahan and 
Snell (18) found that isoleucme was not essential for the growth of Lacto- 
bacillus casci, it would appear that this aimno acid was synthesized on the 
basal medium emploimd or, more probably, that the medium was con- 
tammated vnth isoleucme It is of mterest that Hegsted and Wardwell 
(19) have reported that some commercial samples of dZ-leucme contained 
appreciable amounts of isoleucme 

Twelve ammo acids (glutamic acid, vahne, isoleucme, leucme, methi- 
orune, argmme, tryptophane, histidme, threonme, t 3 Tosme, lysine, and 
alanme) were found to be essential for Streptococcus faecahs R (8043) 
m the present experiments With the exception of alanme and t 3 a‘osme, 
all of these ammo acids are reqmred by this orgamsm, accordmg to Snell 
and Guirard (20), Stokes et al (5), and Greenhut et al (6), although only 
seven of the ammo acids were stated to be essential by the first authors, 
nme by the second, and ten by the third Other ammo acids which these 
workers considered to be essential were aspartic acid and senne (20), 
phenylalanme (5), and aspartic acid, senne, and cystme (6) It is of further 
mterest that Streptococcus faecahs R was used for the determmation of 
histidme by Baumgarten et al (17), thieonme by Greenhut et al (6), and, 
except phenylalanme, all of the ten essential ammo acids by Stokes et al 
(5) Although it would appear from the foregomg discussion that Strep- 
tococcus faecahs R has ammo acid requirements which vaiy with the com- 
position of the basal medium, it may be that some of the stated conclusions 
are vitiated because of unsuspected ammo acid unpunties 

The ammo acid requirements of Lactobacillus mannitopoeus, Lactobacillus 
ly coper sici (4005), and Lactobacillus buclinen, determmed by the present 
workers, were considerably different from those reported bj’’ Wood et al 
(8) It is difficult to ascertam the extent to which these differences may 
be due to the widely different composition of the basal media, ammo acid 
impurities m the nutnent substances, and differences m the strams of the 
orgamsms employed m the two laboratories 

The ammo acids given m bold-faced type m Table were essential up to 
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and beyond the incubation period requiied for ma\miiim acid production 
in control e\penmcnts Ammo acids m this categoiy are of paiticular 
interest because of the probability that they may be deteimined more 
accurately m biological matenals than ammo acids mIucIi are required 
by oiganisms only during more icstiictcd incubation pciiods It has been 
found ^YO^th while, ho\\evcr, to provide pioccdurcs foi ceitam ammo acids 
such as threonine (21), which could be determined with satisfactory^ ac- 
curacy only within the stated time of incubation For tins reason, the 
ammo acid lequiremcnts of the oiganisms employed in the piesent ex- 
periments have been fuither investigated Data representing the maxi- 
mum drop in acid pioduction resulting fiom the omission of each ammo 
acid in turn from the complete basal medium (Table I) are showm in Table 
Y1 The gradations m paifcial ammo acid icquirements, which are in- 
dicated by these data, were not rc\caled by'' tlie studies (Table IV) of 
maximum acid production The times of incubation over which the ammo 
acids, corresponding to the values (given in bold-faced ty'^pe) for the maxi- 
mum diop in acid pioduction, might be deteimined miciobiologically are 
given in Table VI In a limited number of cases, the omission of ceitam 
ammo acids from the basal medium resulted m an incieased rate of acid 
production without affecting the amount of acid finally produced From 
the experimental results shown in Table Ylly it may'' be concluded that 
these ammo acids inhibited acid foimation by the stated organisms Al- 
though amino acid inhibitions occiu mficquently’’ m media of i datively'' 
high nutntional qiiahty'', they'' liavc been observed pi c\aoi]sly'' by’’ Hutclimgs 
and Peterson (13), Dunn ct al (3, 14), Shankman (10), McMahan and 
Snell (IS), and Snell and Guimid (20) In another tyqie of inhibition, 
reported by Fox and cow’orkers (22, 23), excessive amounts of unnatural 
antipodes of certain ammo acids inhibited the giowth-piomotmg effects 
of the natural forms 

It may be noted fiom the expemnental results given in Tables II to IV 
and VI that there is httle correlation betw’een the nutritional properties 
of different organisms of the same species For example, fifteen ammo 
acids weie essential for Lciicoiiostoc mcsentei oidcs P-60 (8042), but only 
two ammo acids were required by’’ Lenconostoc mcscnieroxdcs (8293) Of 
all the cultures studied, the only members of the same species wdneh behaved 
similarly w’ere Leuconostoc citrovorum (7013) and Leiiconostoc citrovonim 
(797) On the other liand, the visible giowdh of Lactobacillus pcniosiis 
124-2 and Lacidbacillm hrassicae (8041), as well as the late and amount of 
acid production by these stiams, was almost identical on all of the basal 
media Although acid pioduction by Lactobacillus brassicae (8041), 
but not by Lactobacillus pentosus 124-2, was somewhat retarded wdien 
pyndoxine, pyndoxal, and pyiidoxamine w^ere onutted from the medium, 
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both organisms lesponded ahke to the other vitamms (unpublished data) 
For these reasons, it was tentatively concluded that these strams probably 
vere of the same species 

Even more marked vas the appaient similanty m the nutntional re- 
quirements of Lactobacillus delbrucLii LD5 (9595) and Lactobacillus casei 

Table VI 


Maxnmnn Drop m Acid Production Resulting from Omission of Ammo Acid* 


Ammo acid absent from medium 

L tncsente 
roidcs (8293) 

1 


1 


L me sente- 
rotdes (9135) 

L dextran- 
icitm (8086) 



Vol 

lime 
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Time 

Vol 

ume 

NaOH 

Tune 

Vol- 
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NaOH 

Tune 

Vol- 

ume 

NaOH 

Time 


ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

Glutamic acid 

7 

9 

99 

8 

B 

74 

7 

9 

74 

8 

1 

73 
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52 

Valine 

8 
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99 

8 

6 

52 

8 

5 

74 

8 

8 

73 

8 

8 

52 

Isoleucine 

4 

3 

25 

6 

6 

24 

6 

3 

24 

7 

6 

50 

8 

7 

52 

Leucine 

1 

4 

25 

0 

7 

42 

1 

1 

25 

2 

6 

66 

0 

4 

25 

Methiomne 

5 

4 

31 

5 

3 

30 

4 

9 

24 

5 

6 

29 

6 

2 

52 

Argimne 

0 

5 

25 

0 

6 

10 

0 

3 

10 

3 

1 

23 

0 

4 

24 

Tryptophane 

0 

4 

25 

0 

3 

10 

0 

1 

24 

0 

9 

23 

0 

5 

10 

CysteiAe 

0 

6 

31 

0 

6 

10 

0 

8 

10 

2 

9 

50 

0 

6 

10 

Histidine 

1 

8 

25 

1 

8 

24 

1 

7 

24 

1 

1 

23 

1 

9 

30 

Threomne 

3 

7 

25 

3 

4 

30 

2 

9 

24 

0 

8 

23 

1 

7 

30 

Phenylalamne 

0 

8 

25 

5 

1 

24 

0 

9 

24 

0 

3 

9 

0 

5 

10 

Tyrosine 

0 

8 

10 

0 

6 

10 

0 

1 

24 

0 

4 

23 

0 

5 

10 

Glycine 

0 

3 

25 

0 

4 

10 

0 

2 

24 

0 

5 

23 

0 

1 

10 

Asparagine 

0 

7 

, 25 

0 

4 

24 

0 

1 

10 

7 

3 

29 

0 

1 

10 

Lysine 

i 0 

1 

25 

0 

2 

10 

0 

0 


0 

2 

23 

0 

6 

24 

Senne 

1 

2 

, 25 

0 

9 

10 

0 

7 

24 

1 

1 

23 

0 

7 

24 

Alamne 

1 0 

1 

1 31 

0 

4 

1 10 

0 

0 

i 

5 

3 

73 

0 

4 

10 

Proline 

0 

7 

25 

0 

9 

24 

0 

5 

24 

0 

6 

23 

0 

3 

24 

Norleucine 

0 

1 

10 

0 

1 

10 

0 

0 


0 

0 


0 

0 


Hydroxy proline 

0 

1 

25 

0 

3 

24 

0 

0 


0 

2 

23 

0 

0 


Nor valine 

0 

1 

25 

0 

1 

10 

0 

0 


0 

0 


0 

2 

10 


* Each volume of NaOH represents the maximum difference between the volume 
of 0 01 N NaOH required to titrate 1 ml of final solution contaimng the complete 
medium and that w’lth one ammo acid absent The values in italics (correspond- 
ing to those given in bold-faced type in Table IV) or in bold-faced t>pe are at 
least tv o -thirds the maximum difference 

€ (7469) Not only were the rates and amounts of acid production, the 
visible growth, and the vitamm requirements (unpublished data) nearly 
identical on all of the media, but also the nearly quantitative similanty 
observed m the inhibitions (Table ^TI) by four ammo acids v>as found onb 
m these two of the twenty-three organisms studied It seemed desirable 
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to investigate these strains further in order to supplement the nutntional 
studies of other woikers^ It was found (unpublished data) that both 
strams^ responded identically in producing acid from lactose in 24 hours, 
m producing acid from mannitol in 48 hourb, and in coagulating milk in 
72 hours Accordmg to Bergey’s (26) classification, these tests should be 
positive for Laclohacilliis casci but negative for Laclohacillus dclhruckii 
In view of these findmgs it appears probable that the cultures of these 


Table VI — Conlvxucd 


Ammo acid absent from medium 

L 

penlosus 
124 2 

L 

hraisicae 

(8041) 

L 

httchntri 

L arahi^ 
nosus 17 5 
(8014) 

L 

extroxorum 

(8082) 

L lyco 
persicx 
(4005) 

Volume 

NaOH 

Time 

Volume 

NaOII 

Time 

V 

B 

"o 

> 

5 

C3 

Time 

Volume 

NaOH 

Time 

Volume 

5 

rt 

rC, 

Time 

Volume 

o 

rt 

V 

B 

P 


ml 

hrs 

ml 

m 

ml 

hrs 

Q 

hrs 

ml 

hrs 

ml 

hrs 

Glutamic acid 

15 

7 


16 

6 

SO 

2 

9 

142 

IS 


GO 

4 

0 

73 

9 

2 

92 

Valine 

16 

8 

mm 

16 

8 

so 

3 

4 

142 

m 


GO 

3 

9 

73 

9 

2 

92 

Isoleucine 

16 

7 


16 

9 

so 

$ 

6 

142 

m 


GO 

3 

8 

73 

9 

6 

49 

Leucine 

16 

4 


16 

8 

so 

3 

4 

142 

15 


GO 

0 

6 

114 

9 

4 

49 

Methiomne 

6 


22 

9 

7 

30 

2 

4 

142 

13 

0 

10 

3 


OS 

7 

1 

73 

Argimne 

2 

9 

22 

5 

5 

20 


4 

142 

m 

8 

20 

3 

6 

73 

3 

9 

73 

Trj'ptoplmne 

2 


11 

1 

0 

S 

E 

5 

91 

15 

0 

CO 

3 

8 

73 

E 

5 

73 

Cysteine 

15 

1 

mm 

16 

1 

SO 

3 

4 

112 

B 

4 

20 


2 

9 

9 

1 

92 

Histidine 

0 

9 

11 

13 

C 

8 


2 

91 

D 

E 

14 

3 

7 

73 

1 

7 

49 

Threomne 

0 

6 

11 

5 

9 

20 


2 

142 

4 

1 

IG 

1 

8 


2 

9 

73 

Phenjl alanine 

1 

7 

11 

1 

4 

8 


2 

142 

7 

m 

20 

B 

2 

23 

E 

1 

25 

TjTosme 


6 

11 

0 

2 

8 


2 

91 

5 

9 

20 

E 

4 

29 

0 

0 


Glycine 

1 


11 

5 

5 

20 


4 

91 

4 

5 

12 

1 

4 

73 

0 

5 

49 

Asparagine 


2 

11 

1 

7 

8 

3 

2 

142 

2 

9 

12 

1 

2 

29 

9 

2 

92 

Lysine 

0 

6 

11 

0 

6 

8 

0 

4 

' 24 

2 

4 

12 

1 

3 

29 

0 

7 

73 

Senne 

1 

4 

2G 

3 

4 

20 

E 

5 

142 

E 

8 

20 

1 

0 

29 


G 

24 

Alamne 


1 

22 


1 

8 

1 

1 

142 

0 

5 

12 

E 

M 

■rtil 

9 

2 

02 

Prolino 


0 




20 

E 

4 

142 

1 

B 

20 

1 

8 

29 


2 

24 

Norleucine 


0 



E 


0 

5 

91 

0 




2 

23 


1 

25 

Hydroxyprolme 


5 

11 


4 

S 

0 



0 

8 

12 


7 

9 


1 

449 

Norvaline 

0 

4 

11 

0 

4 

8 

0 


91 

B 

4 

12 


1 

23 


1 

9 


organisms represent closely similar, if not identical, varieties of the same 
species It IS of mterest m this connection that the identity as Laclohacilbis 
casei of orgamsms descnbed in the hterature as Lactobacilhis dclhruclM 

* Comprehensive revie\\s have been given recently by Ivnight (24) and by Peter- 
son and Peterson (25) ^ t t 

* T^vo cultures of Lactobacillus delbrUcktt LD5 (9595), one obtained from Dr J L 
Stokes and the other from the Amencan Type Culture Collection, responded identi- 
caWy m the nutntion experiments 




































DUNN, SH^VMuUAN, CAAUEN, AM) BLOCit 


15 


LD5 and Lactobacillus hxdgancus 05 has been established by taxonomic 
studies repoited rccentl}^ by Rogosa (27) It was found with authentic 
stiains of these oiganisms that, unlike Lactobacillus caset, neither Lacto- 
bacillus dclhrilclii nor Lactobacillus bulgancus grew’' in defined media con- 
taimng all know n B vitamins and ammo acids 
Stokes and Gunness (28) encounteied some difficulties m ob taimng 
data as highl}’^ accumte as might be desired m determirong aspartic acid 

Table VI — Continued 


L dcx 
tranxcum 
(8358) 


L dex 
ir ant cum 
(8359) 


L Jer 
vienti 36 
(9338) 


Ammo acid absent from medium 
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aspartic acid and aspaniginc, itid inhibitions ocdirrcd in the presence of 
asparagine In ■^oai clung foi the o-^'^entnl siibsiaiuts winch nnj Imcbcen 
lacking m the medium omploxcd b\ Rtokcs 'ind Gunne<^s ‘ind b^ Ilutchiiigs 
and Peteison, it was ascert lined that neither aiad nor \isible growth was 
pioduced up to 01 houi'. incubilion wlii'n both iirii il and isparagine were 
omitted fiom the ennehed medium Tncubation up to 131 hours was re- 
quired before either acid ot grow th w as obsen cd The omission of uracil 


Wltli Vl--CoiirlwIr(l 
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B 
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o 

r 
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0* 

b 

E 

H 


b 
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c 
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r 

t 

» 
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5 

/ 
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rf 

hr, 
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r-r 
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p> 
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r 

I 
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Glutamic acid 

/ 

S 

32 

4 

4 

71 


5 

73 

B 


70 


f 

t 


7 


1 
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7 

0 

32 

7 

4 

71 


1 

71 

S 
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70 
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71 

7 

6 

7,-. 
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7 

c 

>2 
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71 
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71 

B 

fr 
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4 

3 

7u 

Leucine 

B 

o 
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7 

7 

71 


0 

71 

S 

t 

70 

14 

0 

71 

7 

4 

75 

Methionine 

e* 

/ 

5 

32 

7 


71 

0 

1 

73 

S 

1 

70 

11 

0 

71 

7 

a 

,75 

Arginine 

/V 

/ 

6 

32 

/ 


71 

le 

0 

73 

B 


70 

14 


7-1 

f* 

i 

4 

7. 

Tryptophane 

i 

0 

32 

4 

0 

71 

10 

s 

7i 

S 

0 

70 

IB 


74 

7 

4 

75 

Cysteine 

3 

C 

31 

2 

0 

20 

11 

1 

71 

B 

*} 

70 

IS 


71 

fr 

4 

s 

1 '5 

Histidine 

7 

B 

32 

7 

/ 

71 

11 

i 

71 

S 

S 

70 

1$ 

B 

71 

7 



Threonine 

7 

3 

52 

4 

/ 

71 

12 

c 

71 

S 

9 

70 

14 

B 

71 

M 

4 


Id 

Phenyl alanine 

7 

G 

32 ; 

1 

1 

20 i 

11 


73 

4 

B 

70 

n 

c\ 

71 

6 

G 

75 

Tyrosine 

7 

G 

‘>2 , 

€ 

G 

71 i 

9 

5 

71 

4 

fr 

4 

70 

12 

3 

74 

€ 

6 

7. 

Gb^cino 

0 

C 

23, 

G 

0 

03 

11 

0 

73 

7 

fr 

4 

70 

IS 

$ 

74 

7 

0 

1 

Asparagine 

0 

0 

i 

1 

I 

20 

9 

3 

I 

73 

1 

1 

2S 

IS 

B 

74 

7 

5 

lo 

Lysme 

0 

5 

31 i 

7 

g\ 

71 

1 

1 

1 ^ 

3 

i 

70 

\14 

0 

71 

\ 7 

5 

75 

Senne 

0 

5 

25 

5 

2 

10 

9 

2 

: 73 

0 

1 

12 

1 0 

1 

32 

G 

g’ 

07 

A] am no 

1 

1 

31 ; 

7 

g 

71 

12 

5 

173 

1 

4 

0 

70 

!g 

7 

52 

3 

1 

i 

Proline 

0 

G 

31 1 

1 

7 

21 

1 

0 

i 

1 

12 

1 

2 

; 21 

2 

6 

|7o 

Norleucine 

0 

1 

31 1 

0 

0 

0 

0 

0 

s 

10 

0 

0 

21 

1 

0 

1 7o 

Hydroxyproline 

0 

0 

31 1 

1 

1 

IS 

0 

1 

23 

0 

5 

2S 

1 

0 

21 

0 

7 

1 51 

Norvahne 

0 

1 

25 i 

0 

0 

20 

0 

1 

23 

0 

0 

2S 

1 

0 

24 

1 

o 

75 

I 


alone had no effect on acid production On the other hand, the omission 
of any other substance, « piesent m the ennehed medium but lacking m 
that of the authoi's quoted, had no effect on the aspni'aginc requirement 
In a separate expenment, the basal medium w as modified to contain 0 1 
times the onginal amounts of ammo acids and Autamins Under these 


‘Thiamine, P-aminobonzoic acid, choline chloride, inositol, pjndoxamino, 
do\a , guamne, uraci , \anthino, norvahne, and ammonuim chloride 
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conditions, Lactohacilhts casci e and Lactohacillns delbniclii LD5 sho^^ed a 
definite but putnl leqmicment foi aspaiagine over short incubation 
peiiods A simihi, but lessei, effect vas obseiTed for about half of the 
lemaming oiganisms Since all thiee cultuies (tuo of Lactohacilhis deU 
brilchii LD5 and one of Lactobacillus casei e) behaved similarly, it was con- 
cluded that aspaitic acid (or asparagme) is essential for Lactobacillus 
casei e only in the absence of uracil 
It uas stated by Hegsted (11) m 1944 that ‘^the term ^essential ammo 
acid^ may have significance only m relation to the composition of the 
basal medium ’’ The validity of this conclusion is recogmzed, although 
other vanables, especially the incubation time, ma^^ be of equal or greater 
importance Hegsted pointed out that of the eight, mne and ten amino 
acids found to be essential for Lactobacillus arabinosus 17-5, by Shankman 


Table VII 

Maximuvi Increase in Acid Produciion Residting from Omission of Ammo Acid* 


Ammo acid absent from medium 

L citrovornm 
(797) ’ 

1 

L dextrameum \ 
(8358) 

L delbrOckit 
LDo (9o9S) 

L caset 
(7469) 

Volumel 
NaOH 1 

Time 

Volume 
NaOH 1 

Time 

1 

Volume 

NaOH 

Tune 

Volume 

NaOH 

Time 


ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 1 

hrs 

Arginine 

0 8 

52 







Threonine 





5 4 

50 

5 4 

75 

Glycine 





i 2 9 

i 50 

i 24 

75 

Asparagine 

0 5 

52 

' 0 5 

' 50 

' 5 7 

' 74 

1 2 4 

75 

Alanine 



1 3 

50 

0 9 

50 

1 2 

51 


*Each volume of NaOH represents the maximum negative difference between 
the volume of 0 01 n NaOH required to titrate 1 ml of final solution containing the 
complete medium and that with one amino acid absent 


(10), Kmken et al (12), and Hegsted (11), respectively, only slv ammo 
acids (cystme, glutamic acid, isoleucme, leueme, trjqitophane, and vahne) 
were listed as essential by aU three authors It seems significant that, of 
the SIX ammo acids hsted, all but one (cystine) has been found to be le- 
quired by Lactobacillus arcd)inocus 17-5 on the ennehed medium employed 
m the pre^nt experiments, and that this ammo acid was shown to be 
essential nv two of the three laboi atones referred to by Hegsted On 
the other hand, cystme was required on the less complete media, but not 
on the ennehed medium, while arginme and methionme were required on 
the ennehed medium but only on one or two of the less complete media 
That micio organisms have such definite ammo acid requirements, even on 
media of widely varjnng composition, may explam m part vhy it has been 
possible to develop satisfactory microbiological assays for the detenmnatiou 
of some ammo acids in a relatively short time 
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The conclusions that “the method of culture of the test organism is a 
very important factor m the response of the bacteria to the nutnents 
assayed” and that “the culture method has an inipoi tant role in the produc- 
tion of successful microbiological assays” have been drawn recenth’- bi' 
Njrnion and Gortner (29) from their study of acid production by Laclo- 
hacillus arahtnosus (8014) and Lactohacillus casci (74G9) Thc=;o authors 
found that the decreased hncanty of response wath added macin, obsera'cd 
for cultures of Laclohacillm arahtnosus transferred eier}"- 3 oi 4 weeks in 
yeast extract-devtrose agar, w as overcome after a senes of transfers through 
skim milk and subsequent transfers through nutnent-nch hver-trj'ptone 
broth Since these investigations w ere limited to niacin, it docs not follow 

Tadll VIII 


Rales of Acid Production for Six Cultures of Laclohacillus arabinosus 17-5 {SOlJf) 


Culture l\o • 









Ml of 

acidt 








1 

2 

0 

(6) 

5 

2 

(10) 

11 

0 

(21) 

12 

2 

(SO) 

15 

G 

(52) 

17 

0 

(r4) 

2 

1 

8 

(0) 

5 

3 

(10) 

11 

6 

(24) 

12 

7 

(30) 

IG 

2 

(52) 

IG 

G 

(74) 

3 

0 

S 

(C) 

3 

4 

(10) 

9 

0 

(24) 

11 

1 

(30) 

11 

8 

(52) 

IG 

9 

(74) 

4 

1 

4 

(0) 

4 

4 

(10) 

11 

2 

(24) 

12 

G 

(30) 

IG 

0 

(52) 

17 

0 

(74) 

5 

1 

4 

(6) 

5 

2 

(10) 

10 

8 

(24) 

12 

5 

(30) 

IG 

3 

(52) 

17 

2 

(74) 

6 

0 

7 

(6) 

3 

9 

(10) 

11 

2 

(24) 

12 

5 

(30) 

15 

9 

(52) 

IG 

8 

(74) 


* All cultures of Laclohacillus arahinosus 17-5 (S014) were obtained from the 
Amencan T> pe Culture Collection The cultures ha\ c been maintained for more 
than 2 >earB as follows Nos 3 and C on Bacto-tomato juicc agar (Difco), No 2 on 
Bacto-proteosc-trj^ptonc agar (Difco), and Nos 1, 4, and 5 on Bacto ^ cast-de\trose 
agar (Difco) 

t Given as ml of 0 01 n NaOH to titrate 1 ml of final solution The \ alucs have 
been corrected for the blank titration The figures in parentheses refer to the 
incubation time in hours 

necessanly that Imeanty of lesponse would have decreased with other 
added vitarams or wnth ammo acids 

In the w'ntem' study of this problem, six different cultures of Laclo- 
haaUus arahinosus 17-5 (8014), obtamed imtially from 4he Amencan 
Type Culture Collection, w^ere earned for more than 2 jears byweeUy, 
or bimonthly, transfers on three types of nutrient media The lates and 
amounts of acid production by these cultures in the complete basal medium 
(Table I) are shown m Table VIII Although the amount of acid produced 
in 6 hours vaned from 0 8 to 2 0 ml , the rates of acid pioduction were 
such that acid production w'as nearly uniform from 30 to 74 hours The 
maximum drop m acid production by these cultures, with each of the listed 
ammo acids omitted m turn from the basal medium, is sliowm m Table IX 
It may be observed that, under these conditions, the same four ammo 
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acids (glutamic acid, valine, isoleucine, and tryptophane) were essential 
for all SIX cultures of Laclohacilhis arabinosus There had occurred, there- 
foie, no apparent change in the response to these four ammo acids of these 
SIX culluies of Laclohacilhis arabinosus winch had been earned as described 
The further- obseiwa lion has been made that there has been no significant 
reduction in the precision and accuracy with n Inch the stated four ammo 

Table IX 


Maxitmnn Di op in detd Production Rcsxdiing from Omission of Ammo Acid for Six 
Cultures of Laciohacillus arabinosus 17-5 (8014)* 


Ammo acid absent from medium 



Culture 3 

Culture 4 

Culture 5 

Culture 6 

Volume 

NaOH 

Time 

Volume 

NaOH 

Time 

V 

"o 

> 

w 

o 

cj 

"A 

u 

§ 

H 

CJ K 

cO 

> 

Time 

> 

Time 

Volume 

NaOH 

Time 


Vll 

Uts 

ntl 

hrs 

vtl 

hrs 

ml 

hrs 

Vll 

hrs 

ml 

hrs 

Glutanuc acid 

13 

6 

74 

13 

4 

52 

16 

7 

74 

14 3 

74 

13 

3 

74 

16 8 

74 

Valine 

14 

3 

74 

14 

E 

52 

16 

7 

74 

14 7 

74 

13 

6 

52 

14 8 

74 

Isoleucine 

13 

8 

74 

13 

4 

52 

16 

6 

74 

14 3 

74 

13 

1 

52 

16 6 

74 

Methionine 

6 

4 

52 

6 

4 

52 

i 



Klf 

52 

6 

6 

52 

7 5 

52 

Arginine 

4 

1 

24 

3 

E 

m 

m 

1 


4 1 

24 

4 

E 

■El 

6 1 

24 

Tr 3 ptophane 

12 

7 

74 

12 

7 

52 

14 

6 

74 

13 1 

74 

12 

2 

52 

13 6 

74 

Cysteine 

3 

7 

30 

3 

1 

24 

7 

5 

24 

4 9 

24 

3 

9 

24 

8 9 

24 

Histidine 

0 

6 

6 

0 

6 

10 

1 

3 

10 

1 1 

10 

1 

6 

10 

2 1 

10 

Threonine 

2 

0 

10 

2 

3 

30 

2 

5 

30 

1 5 

10 

2 

1 

10 

2 2 

24 

Phenylalanine 

2 

6 

10 

3 

2 

24 

6 

0 

52 

4 0 

30 

3 

2 

10 

7 1 

52 

TjTosine 

1 

0 

10 

1 

0 

24 

1 

3 

52 

1 2 

10 

1 

3 

10 

1 9 

24 

Glycine 

2 

5 

10 

2 

5 

10 

2 

1 

10 

2 0 

10 

2 

4 

10 

3 3 

24 

Asparagine 

1 

7 

10 

0 

9 

10 

2 

6 

30 

1 0 

10 

1 

6 

10 

2 9 

24 

Lysine 

0 

3 

10 

0 

2 

10 

1 

0 

10 

0 4 

10 

0 

7 

10 

1 8 

10 

Senne 

0 

2 

6 

0 

0 


0 

0 


0 3 

6 

0 

5 

10 

0 8 

10 

Alanine 

0 

2 

6 

0 

0 


0 

2 

10 

0 2 

6 

0 

6 

10 

1 1 

10 

Proline 

0 

4 

6 

0 

2 

6 

1 

3 

10 

0 9 

10 

0 

9 

10 

1 3 

10 

Norleucine 

0 

1 

6 

0 

0 


0 

8 

10 

0 3 

6 

0 

6 

10 

1 4 

10 

Hydroxj^proline 

0 

5 

6 

0 

0 


0 

6 

10 

0 2 

6 

0 

5 

10 

1 5 

10 

I^or valine 

0 

1 

6 

0 

0 


0 

7 

10 

0 3 

10 

0 

5 

10 

1 3 

10 


* See the corresponding foot-notes to Tables V and VIII 


9-cids could be detenomed with. Ldctohctcillus avobiuosus over more than a 
2 year penod These results are not wholly m agreement wath the con- 
clusions of Nymon and Gortner 

On the other hand, the imtial rate of acid production was slowest and 
the drop m acid production resultmg from the omission of some acids 
(especially argimne, cysteme, methionine, and phenylalanme) from the 
mediura was most marked, with Cultures 3 and 6, w^hich had been earned 
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on tomato 3 Uice agar" Altliougli there ncrc quantitative differences in 
acid production by the si\ cultures of Laclohaalhts arahiw^its, the qualita- 
tive nutritional requirements nere essentially alike It seems probable, 
theiefoic, that the cultures of othei organisms (Tables II to ATI), nhich 
evhibited distinctly different nutritional requirements, icpicsent separate 
varieties and, possibly, different species It may be found desirable, 
thciefoie, to reclassify some of these organisms 

Wiile it n ould not be expected that the ammo acids for 11111011 Lado- 
haalhis arabinosns has only partial requirements cannot be determined 
entiiely satisfactorily under the assay conditions so far leportcd, it seems 
piobable that special conditions might be found iindei which such ammo 



acids could be determined ivith reasonable accuracy The methods 
suggested recently for the deteimination of threonine (21) and histidine 
(30) are considered to be examples of procedures m this category It 
was found that these ammo acids could be determined satisfactorily after 
48 hours incubation, even though threonine w'as synthesized on the present 
medium after about 30 hours and histidine after about 50 hours (Fig 1) 
Expenments are now^ m progress to determine the suitability of some 
of the microorganisms investigated in the piesent woik foi the determina- 
tion of some of the ammo acids 

« It is of interest that Kuiken cl al (12) earned their cultuies of Laclohacxlhis 
araLosus on tomato juice agar and that they added a tomato juice preparation to 

basal media 
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SmBIAKl 

The lesponsc of tw ent3^-tliree lactic acid bactena grown in a basal medium 
of arbitni 3 ^ composition has been determined It has been found that 
acid production ^^as not lowered significantly at levels of total ammo 
acids and \ntamins one-foiuth those employ ed mitially, that the number of 
ammo acids essential for the microorganisms ranged from tw^o (glutamic 
acid and ^ aline) for Lcucorwstoc mcscnferotdcs (8293) to fifteen (exclusive 
of senne, alanine, proline, h 3 ^dio\}Tirohne, norleucme, and norvahne) 
for Laclohacilhis hrcvis (8257), that certam ammo acids were inhibitory 
for four microorganisms, that of the noicroorganisms mvestigated only 
Lactohacilhis brevis (8257) requiied prolme (except w^hen excess hydrox 3 ’’- 
prolme was present) o\ er mcubation times up to 140 hours, and that there 
w ere vanations of some significance m the response of six cultures of Lacto- 
haalliis arabz720sus (8014) which had been maintamed for more than 2 
3 "ears on thiee diffeient culture media It is considered probable that 
reasonably satisfactor}^ assaj^ pioceduies could be developed for each amino 
acid (except h^’^drox^Tirolme, norleucme, and norvahne) vnth from one to 
twenty-three of the lactic acid bactena Expenmental studies leadmg to the 
possible development of new^ or improved procedures for the determination 
of certam ammo acids are in progress Evidence has been presented pomt- 
mg to the identity of Lactobacillus delbruchii LD5 (9595) and Lactobacillus 
casei € (7469) 
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LACTIC ACID BACTERIA*^ 
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The investigation of the amino acid lequirements of t^^enty-thlee lactic 
acid bacteria, desciibcd in the piecedmg papei (1), vas unique in that an 
exceptionally iich basal medium and a vide lange of incubation times were 
emplo^’^ed m the deteimmation of each ammo acid leqiuiement It seemed 
desnable to extend tins study to othei nutritional factois, since theie is 
need for additional mfoimation on the nutrition of organisms which might 
be employed m microbiological assays This is indicated by the knovai 
mterrelations betvecn giowth factors such as the replacement b}’' alanine 
of the p^nidoxine icquiiement of Streptococcus faecahs R (2), the sjmthesis 
of threonine in the pie^^ence of pyiidoxal by Lactobaalliis arabinosus 17-5 
(3), and the synthesis of aspartic acid in the piesence of uiacil by Lacto- 
bacilhis casei e (1) Fuithei nutiitional data might also be useful in 
identifying these oigamsms, since, for example, it was concluded fiom the 
precedmg woik (1) that Lactobacillus delhrucLii LD5 had been classified 
mcorrectlj^ Although the intamin lequirements^ of numeious lactic acid 
bacteria have been extensively investigated, systematic studies of the re- 
quirements of all of the loiown vitamins on synthetic media of high nu- 
tritional quahty and over a wide lange of incubation times ha\ e not been 
attempted previously The vitamm requirements of tvent3'’-three lactic 
acid bacteria have been investigated in the piesent expenmen ts 

experimental 

The organisms, the techmques, the expeiimental conditions, and the 
basal medium were the same as those given in the preceding paper (1), 
except that synthetic folic acid," instead of a cone enti ate of this ^atamln, 

* Paper 30 For Paper 29 see Dunn ct al (1) The subject matter of this paper 
has been undertaken in cooperation v ith the Committee on Food Research of the 
Quartermaster Food and Container Institute of the Irmed Forces The opinions or 
conclusions contained in this report are those of the authors Thc> are not to be 
construed as necessarily reflecting the views or indorsement of the War Department 
This w ork w^as aided by grants from the American Home Products Company , i lerck 
and Company, Inc , the Nutrition Foundation, Inc , Standard Brands Incorporated, 
and the University of California 

^ Comprehensive reviews have been given by Kmght (4), Peterson and Peterson 

(o), and Snell (6, 7) r c at 

* Obtained from the Lederle Laboratories through the courtesj o r 
Hardy Although the organisms grew as well on the basal medium contaimng 
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was used in all of the e\penments The rate of growth of the organisms 
was deteimmed in terms of acid production Tlie expenmental results are 
shown in Tables I to IV 


DISCUSSION 

The maximum amounts of acid produced b 3 ^ each organism on each type 
of medium at the indicated incubation times arc gi\en m Table I The 
vitamins are listed in Table I approximately in order of their nutntional 
importance, as judged by the results of these expenments Tlie essential 
vitamms were consideied to be those vhosc omission from the basal medium 


Tabit I 

Maxnjiujii Acid Produclion in Absence of Vitamin* 


Vitamin absent from medium 

^ £2- 

•-5 

•S » 
g 

A E 

^ a 
^ 2 

& 


g Oj- 

M Ji— * 

it, 

G? 

S oS 

V* V CO 

«> v» 
1- 


ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

nf 

hrs 

ml 

hrs 

ml 

hrs 

Nicotinic acid 

1 6 

120 

1 3 

119 

1 8 

119 

1 6 

46 

1 6 

117 

4 0 

Ifil 

3 7 

123 


89 

SPantothcnic acid 

2 1 

120 

1 8 

119 

1 6 

119 

1 7 

Iwil 

1 7 

117 

5 9 

161 

4 7 

123 

1 3 

1 

/Volic acid 

4 5 


S 4 

119 

5 1 

119 

9 C 

46 

5 0 

70 

16 4 

71 

16 3 

76 

4 5 


Biotin 

9 8 

71 

9 7 

46 

10 1 

4G 

8 2 

71 


Kil 

6 7 

164 

6 2 

123 

1 7 


Riboflavin 

9 7 

47 

9 C 

29 

9 7 

4G 

6 3 

120 

4 3 

117 

16 4 

71 

16 5 




Thiamine 

7 1 

Im 

7 1 



119 

4 G 

71 

4 8 

117 

16 1 

71 

16 1 

76 

m 


Pyridoxine 


71 

9 G 

70 


4G 

6 2 


9 6 


16 1 

71 


76 

4 3 

ti 

p-Aminobenzoic acid 

9 7 

72 

im 

m 


m 

gK 

71 

9 3 

m 

iCgl 

71 

16 7 

55 

4 7 

1 1 

Control 

9 9 

71 

9 9 

4G 

9 9 

71 

9 8 

4G9 1 

46 

16 1 

71 

■ 

123 

4 6 



* Acid production given as ml of 0 01 N NaOH to titrate 1 0 ml of final solution 
per tube The 'v alues arc corrected for the blank titration The figures given in 
bold-faced type arc less than one-fourth the control titration The Mtamins cor- 
responding to these figures are considered to bo essential 

permitted glo^vth of the oiganism equivalent to a titration value (given 
m bold-faced t5pc in Table I) less than approximately one-fouith that 
found m a control experiment The numbei of organisms for winch the 

crystalline folic acid as on that containing the concentrate, the possibility is not 
excluded that other forms of folic acid vould have greater activity It is also possi- 
ble that the growth rate might be increased beyond that recorded in the present 
paper by the tomato juice cluate of Lyman ct al (S), the strepogemn of Spnnce and 
Woolle> (9), the nucleoside of Hutchings ct al (10), the liver and yeast factors of 
Stokstad (11) , the liver and w hey supplements of Cooperman et al (12) , the vegetable 
juicc factors of Metcalf et al (13), and other natural materials In agreement with 
the observation of Johnson (14), it was found that mcotinamide w as not required by 
any of the orgamsms studied in the present experiments 
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stated \atamm was required are given in parentheses nicotinic acid (18), 
pantothenic acid (17), fohc acid (4), biotin (2), nboflavin (3), thiamme (2), 
pyndoxine (2), and p-ammobenzoic acid (0) The omission of cholme or 
inositol had no effect on the growth of any of the orgamsms It seems 
probable that each of the essential vitamms could be determined satisfac- 
torily by the orgamsms reqmnng it, since grovth in the absence of an 
essential vitamm was not significant even after piolonged incubation mth 
relatively heavy inoculation and m the presence of exceptionally high 
concentrations of other vitamins and nutnents 
The maximum drop in acid production hy each organism resulting from 
the omission of each of the vitamms m turn from the control medium is 
shoivn in Table II The italicized figures represent values which are at 
least two-thirds the largest drop observed in acid production and it is 


Table I — Conhnued 


Vitamin absent from medium 


17 5 (8014) 

L ctiro 
vorum 
(8082) 


2 

2 

<4,10 

o o 

VJ O 

L dex 
irantcum 
(8358) 


a 

VJ an? 

£ t 

a 

C Q 

3 

5 O 

•5 

V % 

»o 

o 

•o 

»o 

s 


7nl 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

Nicotimc acid 

11 3 

164 

0 6 

89 

fim 

92 

6 8 

70 

1 5 

117 

1 1 

165 

0 4 

91 

2 1 

69 

Pantothenic acid 

14 1 

164 

0 8 

89 

1 3 


1 7 

117 

1 6 

117 

1 4 

165 


91 

1 3 

161 

Folic acid 

16 1 

48 

4 8 

113 

8 5 

70 

6 7 

70 

m 

46 

8 5 

29 

8 6 

46 

7 9 

161 

Biotin 

15 2 

164 

2 0 

113 

4 3 

163 

6 8 

70 

9 1 

46 

8 8 

49 

2 5 

46 

5 4 

161 

Riboflavin 

16 2 

48 

2 7 

89 

2 3 


5 3 

70 

8 8 

28 

8 5 

49 

8 6 

46 

1 3 

iEfl 

Thiamme 

16 0 

48 

3 5 

89 

6 5 


2 7 

70 

4 8 

117 

8 2 

72 

2 2 


fitli] 

161 

Pyndoxine 

16 1 

164 


113 

8 7 


6 7 

45 

9 2 

70 

8 8 

72 

8 5 

|E| 

1 6 

lEfl 

p-Aminobenzoic acid ’ 

16 3 

48 


113 

8 7 


6 8 

45 

9 5 

46 

8 7 

49 

8 4 


16 1 

161 

Control 

16 2 

48 

4 9 

113 

86 

163 

7 1 

45 

9 2 

El 

8 6 

72 

8 1 

m 

15 8 

1 


considered that successful assays might be made for these vitamms The 
figures which are given m bold-faced type mdicate those vitamms winch 
are essential for the orgamsms only under restncted times of mcubation 
The number of orgamsms for which the stated vitamms had this type of 
essentiahty are given m parentheses mcotimc acid (4), pantothenic acid 
(5), fohc acid (3), biotm (9), riboflavm (2), thiamme (5), pyndoxme (0), 
and p-ammobenzoic acid (0) 

The vita, min requirements found in the present work, as veil as those 
^reported m the hterature, for fourteen of the organisms are summarized in 
Table III Although nearly the same ntamm reqmrements v ere found in 
other laboratories, a number of differences may be noted Some of the 
vitamms reported m the hterature to be essential were found to be non- 
essential or to be essential only over a short mcubation time That these 
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VITAMINS AND LACTIC ACID DACTEniA 


Vitamins veic sjnlhesired under the present expeiimental conditions was 
not unexpected, since the s 3 ntliesis of growth factors including folic acid 


Tahit I — Concluded 


Vitamin absent from medium 

I casei 
(7469) 

I acta 
bactUus 
rayomt 
(82S9) 

S fafcahj 
R 

(8013) 

/ ctlro 
vorum 
(80M) 

Laetc 

bactUus 

pento^ 

acelicus 

(367) 

/ mesen 
tcroidfs 
V 60 
(8042) 

L brr^ts 
(8250 


ml 

hrs 

ml 

/ rs 

ml 

hrs 

vl 

hrs 

ml 

hrs 

ml 

Jrs 

ml 

hrs 

Nicotinic acid 

1 1 

1G2 

1 0 

IGS 

1 8 

IGl 

2 0 

91 

0 6 

1G3 

o 2 

117 


1G2 

Pantothenic and 

A 1 

1G2 

1 1 

92 

1 9 

IGl 

1 8 

m 

1 1 

92 


71 

ft 

01 

Folic acid 

11 0 

1G2 

8 C 

17 

■iwn 

IGl 

2 2 

91 

1 3 

71 

13 o 

117 

ft 

01 

Biotin 

S G 

1G2 

s s 

02 

0 4 

161 

2 2 

HI 

1 3 

1G3 

2 7 

117 

3 3 

162 

Riboflavin 

2 1 

urn 

S d 

92 

7 7 

90 

2 1 

70 

S 1 

92 

11 G 

117 

S 4 

1G2 

Thiamine 

10 0 

IG2 

1 2 

92 

7 G 

90 

2 2 

91 

2 S 

1G3 

13 5 

117 

1 6 

1G2 

P^^ndoMne 

m 

m 

8 G 

92 

0 7 

ICl 

2 1 

94 

8 G 

71 

iBkI 

117 

S 8 

162 

p-Aminobenzoic acid 

m 

m 

8 1 

Ell 

7 7 

mm 

2 2 

91 

S 5 

92 

13 9 

117 

Ein 

162 

Conti ol 

15 7 

1G2 

8 5 

47 

7 S 

IGl 

2 3 

91 

' 8 2 

1G3 

13 4 

117 

S 4 

1C2 


T\ni c II 


Maximum Dcocahc in icid Production Resulting from Omission of Vitamin* 


Vit'imm absent from 
medium 

1 

•<1 

u H 

5 c 

1 £ 
x> 

*-4 

H 

V. 

ra 

_ ( 

^ £ 

1 ^ 

r' 

1 *-3 

5 

n 

sj 5 o 

►-1 

o 

! ;; 

’a 
ii 
o r; 

(8041) 

Laclobactllus 

huchnen 


ml 

hrs 

ml 

hrs ml 

hrs 1 ml 

hrs 

ml 



m 

ml 

hrs 

ml 

hrs 

Nicotinic acid 

S 8 

17 

S 7 

4g[7 S 

29[s 0 

4G 

7 7 

2S 

13 3 

71 

IS 9 

54* 

3 

IGO 

Pantothenic acid 

7 0 

47 

8 3 

4G7 7 

29S 0 

4G7 8 

28 

11 9 


13 0 

54 3 4 

1^ 

Folic acid 

'6 1 

47 

5 2 

21'5 5 


71 

6 6 

28 

liig 

48 




Biotin 

BkI 

22 

0 3 


Mm 

4G 

1 8 

28 

12 3 

48 


54'3 0 

IGO 

Riboflavin 

il 6 

11 

1 0 4 


llU 7 

467 2 

28 

0 2 

IS 

0 3 

3ljs S 


Thiamine 

i2 9 

22 

3 1 

292 8 

22'4 4 

4G6 4 

28 

Iil3 

48 

0 8 

31 S 6 


PMidoxine 

EE 

11 

-0 2 

mm 

lib 2 

46 

9 

20 

1 4 

IS 

4 1 

Em 


p Aminobcnzoic and 

n 

1 22 

! 

' 0 6 

n 


IEbE 

4G 

1 3 

2Sj 

ii 




* The drop in acid production is given as ml of 0 01 n NaOII to titrate 1 ml of 
final solution pci tube The values given in bold-faced tj pc aic at least t^^o thirds 
of the maMinum di op obsei ved for each pai ticular organism It is assumed that the 
vitauiins coi responding to the bold-faced figures might be assayed satisfactorily 
b} the organisms indicated under lestiicted, but selected, times of incubation 
The italicized values correspond to those given in bold-faced type m Table I 

(17), nbofla^nn (18), and pyridoxine (20) has been obseiMed on the rela- 
tivelj'' incomplete media emplo 3 ’'ed m othei labomtoiies 

The effect on maximum acid production by the vanous oigarusms was 
investigated mth basal media from which eithei pyndoxme or pyndoxal 
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and pyndoxamine had been omitted The significant data aie shown in 
Table IV As was expected fiom the expeiiments of Snell (46, 32), maxi- 
mum acid production was deci eased in the absence of pyndoxal and pyn- 
doxamine, even though the basal medium contamed a relatively high 
concentration of p^mdoxine On the other hand, acid pioduction was 
nearly maximal in the medium containmg pyndoxal and p^mdoxamme but 
no pyndoxme Pyndoxme, pyndoxal, and pyiidoxamine vere slightly 
mlnbitory to acid production by Lactohacilhis h evis ^ No other example of 
inhibition by \nitarmns has been found m the hterature 
Although p-anunobenzoic acid v as not required by any of the organisms 
investigated in the piesent experiments, this vitamm has been reported to 
be essential for Lactobacillus arabinosiis 17-5 (29-31) and essential under 
restricted conditions for Leuconosioc mesenteroides P-60 (48) Numeious 
natural matenals have been assaj^ed foi p-aminobenzoic acid with these 

Table II — Conhniled 


Vitamin absent from medium 

L 

arabt 

vostis 

17 5 
(8014) 

L 

citro 

vorum 

(8082) 

Lacto 
bactllus 
ly enperstet 
(4005) 

L dex 
irantcum 
(8358) 

L dex 
tram cum 
(8359) 

Lacto 

bactllus 

Jermenti 

36 

(9338) 

Lacto 

bactllus 

manni 

topoeus 

_ 

L 

delbrOcktt 

LDS 

(9595) 


Vll 

hrs 

vtl 

hrs 

ml 

hrs 

ml 

hrs 

ml 

hrs 

Vll 

hrs 

ml 

hrs 

ml 

hrs 

Nicotinic acid 

9 1 

2S 

4 5 

113 

8 5 

70 

6 0 

45 

7 6 

28 

8 0 

29 

8 

46 

14 

90 

Pantothemc acid 

7 1 

28 

4 1 

113 

8 0 

70 

5 8 

45 

7 4 

28 

7 6 

29 

8 1 

69 

14 8 

90 

Folic acid 

0 2 

48 

0 3 

89 

0 3 

27 

0 3 

27 

0 1 

21 

0 3 

72 

0 8 

14 

9 9 

90 

Biotin 

8 2 

28 

2 0 

43 

6 2 

74 

1 9 

27 

1 0 

28 

2 1 

17 

6 4 

46 

10 5 

69 

Riboflavin 

0 1 

28 

2 0 

113 

6 5 

47 

2 3 

27 

1 3 

21 

2 1 

17 

0 1 

69 

14 8 

90 

Thiamine 

0 6 

16 

1 3 

113 

6 4 

47 

4 4 

45 

6 4 

28 

2 6 

17 

7 0 

46 

1 4 

90 

PyridoMne 

5 1 

28 

1 7 

89 

0 4 

27 

0 3 

70 

0 2 

10 

2 2 

' 17 

1 8 

26 

14 9 

90 

p-Aminobenzoic acid 

1 0 

16 

0 2 

43 

-0 2 

92 

0 3 

10 

0 5 

10 

1 3 

17 

4 0 

26 

0 8 

90 


strams by the pi ocedures described m the papers referred to The appai ent 
lack of specificity for p-aminobenzoic acid of any of the organisms studied 
in the present work might possibly be accounted for hy contamination of 
the basal medium with this vitamin It seems more probable, hovever, 
that sjmthesis occurred, smce no requirement foi p-aminobenzoic acid b\ 
fourteen of the microoiganisms could be demonstrated even at concentra- 
tions of vitamins and ammo acids one-tenth those present m the unmodified 
basal medium Since not moie than 0 002 inilhmicrogram of p-amino- 
benzoic acid per tube could have been earned o\ er from the medium b} 
the inoculum, this source of possible sigmficant contamination was ex- 
cluded 

® In other experiments inhibition of Lactobacillus caset e and Lactobacillus del 
hruckit LD5 b 3 ’’ p-aminobenzoic acid observed dunng the initial stages of incu- 
bation 
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Table IV 


Effect of Pyndoxinc, Pyndoxal, and Pyridoxannnc on Maximum Acid* Production by 

Lactic Acid Bacteria 




Vitamin omitted 

Organism 

Incubation 

lime 

P> ndoxinc, 
p>ridoxai> 
p> ridot 
amine 

r> ridoxal, 
p>ridox 
amine 

P>ndoxinc 

None 


hrs 

Pil 

ml 

ml 

ml 

Lactobacdlus brnsveae (5041) 

123 

11 50 

15 13 

17 30 

17 10 

L arabtnosits (SOU) 

28 ! 

10 50 

11 34 

15 10 

15 GO 

L casci (71G0) 

IGl 

3 20 

9 GO 

14 00 

IG SO 

Lcitcoiiosloc uirovoiuin (S0S2) 

113 

3 50 

4 21 

0 49 

6 20 

L dclhrvcl n (OoO'j) 

IGl 

2 GO 

5 72 

1 8 70 

1 IG 90 

L 77icscnlcroidcs (8012) 

1C3 


10 22 

1 15 02 

15 SS 

L mcscnicroidcs (9135) 

120 

7 70 

8 50 

10 70 

10 81 

L brevis (8257) 

; GO 

8 14 

8 00 

7 50 

7 50 


* Given m terms of ml of 0 020G ^ NaOH to titrate acid in 2 ml of final %olumc 
solution per tube 


SUMMARI 

The vitamin reqiiuements of twenty-tin ce lactic acid bacteria have been 
studied ovei a wide range of incubation times on a completely sjmthetic 
medium which was exceptionally rich m nutnents The experimental 
lesults have been discussed in lelation to nutiition studies which have been 
repotted in the hteiature It was considcied piobable that satisfactoiy 
assay procedures could be devised foi the determination of pyndoxine, 
thiamine, biotin, iiboflavm, folic acid, pantothenic acid, and nicotinic acid 
with from two to eighteen oiganisms Choline, inositol, and p-amino- 
benzoic acid w^eie not lequiied by any of the stiains The mlubitory 
effect of pyridoxine and p-aminobenzoic acid on acid production by some 
microoiganisms has not been pieviously repoited for these or other vita- 
mins 
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THE EFFECT OF CARBOHYDRATES OX ACID PRODUCTION 
BY rmSNTl^FOUR K-ICTIC ACID 
BACTERLl* 

Bt MERRILL X C\MIEX, 'SlkX S DUXX, o.d \ J SALLE 

(From the Chemical Lahoratortj and the Department of Bacteriology^ University 
of California y Los Angeles) 

(Received for publication, August 14, 1946) 

It ^vas obsened m the two preceding estigations (1, 2) on the ammo 
acid and \utannn requirements of t^^ enty-three strains of laebe acid 
bactena that LaclohaciUus plantarum, Lactobacillus acidophilus^ and 
Ladobacillus buchnen grew poorl}', if at aU, and produced httle, or no, acid 
under the stated experimental condibotLS Although the remaining 
organisms grew satisfactonl} and produced relativel 3 " large amounts of 
acid, further studies on the mfluence of nutnents other than vitamins and 
amino acids vere undertaken The object of this work was to detenmne, 
as far as possible, the tjqies and proportions of nutrients required m the 
basal media for the most rapid and abimdant acid production It was 
assumed that the effecti^ eness of an}^ stimulatory and mhibitoiy materials, 
mtroduced durmg an assay, would be reduced somewhat m proportion to 
the improvement m nutritional quahb" of the basal medium The effect 
of carboh} drates on acid production was emphasized m these studies 

Glucose has been employed almost exclusiveh’ as the carboh^^drate 
component of media utihzed for the determinafaon of vitamins and amino 
acids, smee the first procedure for the quantitative determination of a 
%utamin (nbofla\Tn) wuth a lactic acid bacillus (Lactobacillus casei e) was 
desenbed by Strong and SneU (3) m 1939 In view of its ready fermenta- 
tion hy most lactic acid bactena, glucose appeared to be supenor to most, 
if not aU, carbohydrates for this purpose There is some evidence m the 
hterature, however, which mdicates that certam carbohydrates may be 
more effective than glucose as the source of acid m media used for the 
determination of some vitamins and amino acids by' assay yvith particular 
strains of lactic acid bactena It was reported by Fred ei al (4) m 1919 
that cultures of organisms (named Ladobacillus pentoaceiicus) isolated 
from manure, silage, and sauerkraut, and meubated for 2 weeks at 30-35°, 
gave yields of total volatile acids from xylose^ which were from 2 to 3 times 

* Paper 31 For Paper 30 see Shankman et al (1) This work was aided bv 
grants from the American Home Products Company, ^lerck and Company, Inc , the 
Xutntion Foundation, Inc , Standard Brands Incorporated, and the Umversity of 
Calif orma 

* It 15 of interest that a basal medium containing 1 gm of xylose and 20 gm of 
glucose per hter haa been used by Barton-Wnght (5) for the determination of trypto- 
phane by assay with LaciohaciUus crchino^tw 17-o 

33 
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as great as tliose obtained from fnictose, glucose, sucrose, and lactose 
The yields of non-volatile acids weic ncail}" equivalent to those of the 
volatile acids 

In later studies of the fermentation of pentoses (xylose and arabinose) 
and otliei caiboh^^'dratcs (glucose, fiuctose, galactose, mannose, sucrose, 
lactose, maltose, mclc/itose, and raffinose) I)} Fred ct al (G), it ^\as found 
that acetic and lactic acids equivalent to about 90 per cent of the sugar 
dcstioyed, and appioximately the same quantities of total acid, wore 
foiTOcd by some of the cultures of lactic acid bacteiia {LacMjacdhis pen- 
tosnSj LacCohactllits arabinosiiSj and Ldclohanllns pcnioacchcu^ types) 
Since acid production by some of the lactic acid bacteria vanes with the 
type of caiboh 3 "dialc emplo^^cd in tlic basal medium, it vould be expected 
that the piecision and accurac}’' of miciobiological assays for Mtamins and 
ammo acids might be afTcctcd if a caibohj drile dittcicnt fiom that present 
m the basal medium vcic introduced vith the sample of matcnal to be 
assayed It appeared dcsnablc, therefore, to study the relation bet\%een 
various caibohydratcs and acid pioduction b}" different strains of lactic 
acid bacteiia No systematic investigation of this type has come to the 
authois^ attention The effect of sodium chlonde has been determined 
in compaiablc studies, since this salt mvanably is piesent m hydrochlonc 
acid hydiolysatcs of pioteui mateiials In addition, the possible stimula- 
tory action of a senes of natural matcnals vith vhich bactciiological media 
aie commonly’' supplemented ivas tested 

LXPEIIIMENTAL 

Tlie basal medium, the expcnmental conditions and techniques, and the 
oiganisms vere the same as those employed m preceding investigations 
(1, 2), except for the folloi\mg modifications Ammonium chlondc, 
sodium chlondc, xanthine, and all of the ammo acids weie omitted fiom the 
basal medium, and 15 gm of Bacto-peptonc (Difco) were added per litei of 
medium The inoculum was giown on the modified basal medium and 
each tube ^\as inoculated with 1 drop of the culture The glucose in each 
basal medium employed in the femientation experiments was replaced by 
an equal weight of one of the carbohydiates given m Table I, and an 
inverted glass vial was placed in each tube for the collection of gas The 
carbohydrate test media vere sterilized by steaming foi \ hour at 100°, 
instead of by autoclavmg, and 0 05 per cent of caramelized glucose (pre- 
pared by autoclaving a mixture containing 1 gm of glucose, 0 G gm of 
sodium acetate, 0 5 gm of peptone, and 10 ml of watei) was added to the 
medium as a source of mtcrmediatc compounds leported to be essential 
for initiation of fermentation by’' some organisms (7, 8) The incubation 
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time was 72 hours in all experiments, except where otherwise stated, and 
3 ml xolumes of medium were cmplojmd m 4 inch, soft glass test-tubes 

The experimental rcsult‘5, gnen m Tables I to IV, lepiesent the averages 
of duplicate dcleimmations 

DI'?CUSSION 

The ml of 0 01 N acid pioduccd in 72 hours by twenty-four lactic 
acid bacteria on twenty-two media, each containing 2 per cent con- 
centration of a particular carbohydiate, are shown in Table I Gas 
(indicated in the table) was formed in about 10 pei cent of the 528 test 
samples The numbei of carboh 3 ’’diates (and carbohydrate derivatives) 
from which gas was produced bj the vmious organisms langed fiom eight 
for Lcuconosloc nicscnicrotdcs (8293) to one for Laciohacillus bitchnen No 
gas was formed bj'' ten organisms on any of the media The numbei of 
organisms which produced gas on the vaiious caibohydiates langed from 
twelve for maltose to tw'o for lactose No gas w'as formed from thirteen 
of the carboli 3 ’'drates Oiganisms which produced acid readily are con- 
sidered to be those for w'hich acid production was more that two-thirds 
(mdicated as bold-faced figures in Table I) that formed on the glucose- 
contammg medium The numbers of organisms w’hich produced acid 
readib'' are given in paientheses glucose (23), fructose (21), maltose (19), 
tiehalose (13), galactose (12), arabmose (11), sahem (8), sucrose (9), 
lactose (7), xylose (7), laffinose (6), and mannitol (5) The number of 
carboh 3 'drates from w^hich acid was pioduced readily b 3 '’ the v’^anous 
oiganisms ranged horn twelve for Lactobacillus arabinosus (8014) to two 
for Lcuconosloc dexlramcuni (8359) 

It IS of interest that one of the most fastidious orgamsms, Lactobacillus 
buchnen, produced very httle acid m the piesent as well as in previous 
(1, 2) experiments on media containmg glucose, whereas abundant acid 
W'as formed from xylose and from arabmose A sigmficant amount of acid 
was produced from fructose but not from any of the lemammg carbohy- 
drate foims It is evident that Lactobacillus buchneri might be employed 
for assay purposes wnth a basal medium contammg either xylose or arabi- 
nose 

Although none of the other organisms was as specific as Lactobacillus 
hiichnen in its caiboh 3 'drate requirements, many strams produced more 
acid from other sugar substances than from glucose Relatively high acid 
production was most common mth the pentoses (xylose and arabmose) 
Five strams 3 nelded considerably more acid from xylose, and six from 
arabmose, than fiom glucose On the other hand, xylose was fermented 
pooily, and aiabmose readily, by sev'eral stiams, w'hile the opposite fer- 
mentation tendencies were exhibited by seveial other strams It may be 
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noted, also, that acid production by Lacidbacillus lycoperstct and by Lacto- 
hacilhis hrevts ^^as unusually high both on xylose and arabinose Seven 
carbohydiates were readily fermented by Lactobacilhs fennenh 36 (9338), 
but \3d0se yielded approximately tv ice as much acid as any of the other 
sugars, including glucose It v ould seem probable, therefore, that assays 
of samples containing relatively large amounts of xylose might not be 
entirely satisfactory vith a glucose-con tammg basal medium Con- 
versely, the quality of assays vith this organism might be improved by the 

Table I 


Actd Produclton* 


Carbohydrate or carbohjdralc 
dernatne 

L vies 
enter 
ofdes 
(8293) 

L cit 
roxor 
urn 
(7013) 

L ext 
roxor 
um 
(797) 

L mes 
enter 
aides 
(9135) 

L itx 
tram 
atm 
(80S6) 

L pent 
osus 
124-2 

L brass 
icae 
(8041) 

L buck 
ttenf 

Glucose 

i 9 

n 

10 

3t 

9 

7t 

10 

3t 

8 

9t 

16 

5 

16 

9 

0 

4 

Fructose 

1 7 

ot 

G 

8t 

G 

G 

7 

4 

8 

2t 

16 

0 

14 

8 

6 

4t 

Mannose 

4 

9 

5 

3 

G 

1 

1 

3 

6 

9t 

16 

3 

17 

1 

0 

1 

Galactose 

5 

Ct 

5 

2 

4 

8t 

1 

8 

3 

0 1 

16 

0 

16 

8 

0 

8 

"*’'yloso 

4 

2 

4 

9 

3 

8 

3 

8 

1 

8 

8 

9 

C 

3 

17 

6 

binosc 

4 

7 

4 

C 

3 

9 

C 

1 

1 

3 

12 

3 

7 

1 

21 

7 

•amnose 

0 

6 

0 

C 

0 

G 

0 

G 

0 

4 

2 

6 

1 

4 

0 

0 

^alicin 

1 

7 

3 

5 

4 

1 

4 

5 

0 

1 

13 

1 

11 

6 

0 

0 

Maltose 

9 

It 

9 

6t 

9 

It 

2 

1 

7 

It 

16 

7 

16 

5 

0 

3 

Sucrose 

C 

n 

0 

It 

5 

ot 

7 

6t 

7 

St 

16 

6 

16 

3 

1 

5 

Lactose 

5 

9t 

4 

3 

4 

1 

1 

5 

1 

7 

14 

2 

14 

9 

0 

0 

Trehalose 

8 

8t 

8 

9t 

8 

7t 

9 

Bt 

6 

9t 

16 

9 

16 

7 

0 

0 

Raffinose 

6 

3t 

C 

2t 

5 

Ot 

1 

2 

1 

2 

14 

8 

1 

2 

0 

2 

Dextnn 

0 

1 

1 

7 

1 

5 

0 

1 

0 

3 

1 

9 

1 

9 

0 

2 

Amylose 

0 

0 

0 

2 

0 

2 

0 

3 

0 

2 

0 

6 

0 

5 

0 

0 

Glycogen 

0 

4 

0 

C 

0 

4 

0 

G 

0 

8 

1 

0 

1 

0 

0 

0 

Inulin 

0 

4 

0 

G 

0 

6 

0 

4 

0 

6 

0 

6 

0 

7 

0 

0 

Mannitol 

1 

5 ! 

2 

1 

2 

9 

1 

3 

0 

3 

11 

S 

11 

5 

0 

2 

Dulcitol 

0 

4 ' 

0 

C 

0 

6 

0 

4 

0 

4 

1 

0 

1 

0 

0 

1 

Sorbitol 

0 

6 

1 

0 

1 

0 

0 

8 

! 0 

6 

1 

0 

1 

3 

0 

2 

Inositol 

1 

0 

1 

0 

1 

0 

2 

6 

: 0 

4 

1 

2 

1 

2 

0 

2 

Glycerol 

0 

9 ! 

1 

2 

1 

3 


8 

0 

6 

5 

4 

6 

3 

0 

2 


use of a xylose-contauung basal medium Consideration of the carbohy- 
drate preferences of Lactobaallus f&menit 36 is of mterest since procedures 
have been reported for the determmation of thiamine (9), histidme (10), 
threonine (11), and methionine (12) with this organism Acid production 
was not increased significantly on media containmg carbohydrates, other 
than xylose and arabmose, m place of glucose 

The fermentation charactenstics (Table I) of some of the orgamsms are 
atypical, according to the descnptions of these species given m Bergey’s 
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(14) manual Examples of Leuconosloc strains which appear to be m this 
category' are atrovorum (7013), citrovorum (797), and dextranicwn (8358), 
which, probably, should be classified as strams of Leuconosloc mesenterotdes 
because of their ability to ferment sucrose and pentoses Another Leu- 
conosloc strain, jncsciUcroides P-60 (8042), probably should be classified as 
Leuconosloc cilrovorum, since it does not ferment sucrose Other examples 
ma}'- be cited from the genus Lactohacillus, although complete classification 
could not be made on the basis of carbohydrate reactions alone It ap- 


Table 1— Continued 


Carboh>dralc or carbobjdratc 
dcri%ali\c 

L or ah 
inosuz 
17-5 
( 8014 ) 

L cit 
ro^or 

( 8082 ) 

L lyco 
Perstet 
( 4005 ) 

L dex 
tram 
cum 
( 8358 ) 

L dex 
tram 
cum 
( 8359 ) 

L fer- 
vtentt 
36 

( 9338 ) 

L vian 
mlo 

poeus\t^ 

L del 
brQcktt 
( 9595 ) 

Glucose 

16 

5 

5 

3 

9 

n 

9 

4t 

10 

3t 

9 


9 

n 

16 

3 

Fructose 

15 

0 

5 

2 

6 

1 

7 

1 

6 

6 

6 

2 

6 

0 

16 

6 

Mannose 

16 

9 

5 

3 

m 

1 

3 

3 

3 

8 

9 

It 

9 

3t 

17 

5 

Galactose 

14 

4 

2 

4 

9 

2t 

1 

6 

1 

4 

9 

4t 

9 

0 

16 

2 

Xylose 

1 

4 

0 

8 

22 

4 

0 

8 

0 

8 

16 

4 

0 

4 

1 

2 

Arabmose 


m 

0 

6 

21 

9 

6 

5 

0 

9 

0 

3 

18 

1 

1 

3 

Rhamnose 

1 

6 

0 

2 

0 

0 

0 

4 

0 

4 

0 

0 

0 

0 

6 

4 

Salicin 

12 

1 



0 

0 

0 

4 

3 

7 

0 

0 

0 

0 

11 

1 

Maltose 

15 

8 



9 

n 

8 

Bt 

9 

n 

9 

4t 

8 

9t 

1 

5 

Sucrose 

15 

1 

0 

1 

8 

n 

7 

3t 

6 

n 

0 

0 

7 

3t 

0 

9 

Lactose 

16 

7 

1 

9 

0 

1 

0 

5 

0 

4 

7 

n 

2 

9 

16 

3 

Trehalose 

15 

5 

1 

5 

0 

0 

4 

5 

3 

1 

0 

7 

0 

0 

18 

1 

Raffinose 

14 

m 

m 


7 

2 

6 

6 

0 

6 

4 

4 

6 

6 

1 

0 

Dextrin 

1 

7 

B 


0 

0 

0 

5 

0 

5 

0 

5 

0 

1 

0 

9 

Amylose 


4 

0 

1 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

2 

Glycogen 

1 

0 

0 

2 

0 

0 

: 0 

4 

0 

4 

0 

0 

0 

0 

0 

8 

Inulin 

0 

8 

0 

2 

0 

0 

0 

4 

0 

4 

0 

0 

0 

0 

0 

8 

Mannitol 

12 

5 

1 

3 

1 

5 

3 

5 

1 

9 

0 

0 

0 

0 

11 

9 

Dulcitol 

1 

0 

0 

1 

0 

0 

0 

4 

0 

4 

0 

0 

0 

0 

0 

6 

Sorbitol 

9 

2 

0 

4 

0 

0 

0 

6 

0 

8 

0 

0 

0 

0 

3 

8 

Inositol 

0 

6 

0 

2 

0 

0 

0 

4 

0 

4 

0 

2 

0 

0 

1 

0 

Glycerol 

1 

2 

1 

2 

0 

0 

1 

0 

0 

6 

0 

2 

0 

2 

1 

0 


pears, however, that Laciobacillics delhrucLii LD5 (9595) is classified incor- 
rectly, since it fermented lactose The other characteristics of fermenta- 
tion, as well as the vitamin (1) and ammo acid (2) requirements of this 
organism, mdicate that it is a stram of Lactobacillus casei nearly, if not 
entirely, identical to Lactobacillus casei e (7469) It may be desirable, 
also, to give Lactobacillus buchnen a special classification on the basis of its 
inabihty to ferment glucose 

As shown m Table II, aU of the orgamsms were strongly mhibited by 
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concenliations of sodium chloiide nnging fiom 1 to 5 pci cent and none of 
the sti iins uas able to giou oi pioduco acid in fiom 9 up to 14 pei cent salt 
concentiation Aftei an initial peiiod of ncaily constant acid pioduction 
the lattei gi idiially decicascd 111111 incieasing concentrations of sodium 
chloride Acid pioduction by Lactohacillm fa mctUt (9338), Ladobaallm 


Table I — Conclxidcd 


Carbohj clnlc or carbohjdnlc 
cJcri\ati% c 

L 

cases 

(/•160) 

1 

(8289) 

iftrepto 
coccus 
Jaccahs 
K (8043) 

I ext 
ro or 
un 

(80S1) 

I pen 
loacet 
tens 
(30,) 

/ mes 
enterotd 
ts V (0 
(8042) 

L 

brents 

(8257) 

L plan 
tarum 
(800S) 

Glucose 

17 

9 

9 

3t 

7 

7 

11 

1 

9 

4t 

16 1 

9 3t 

9 9 

Fluctosc 

16 

0 

6 

3 

6 

2 

12 

2 

6 

8 

12 6 

6 Ot 

9 2 

Mannose 

17 

1 

9 

3J 

6 

3 

12 

3 

0 

3 

14 6 

0 0 

10 B 

Galactose 

16 

0 

7 

n 

1 

4 

8 

8 

3 

1 

10 2 

6 6t 

4 0 

Xj lose 

1 

4 

17 

4 

0 

8 

1 

0 

9 

2 

16 4 

22 4 

1 G 

Aiabinosc 

1 

5 

0 

3 

0 

7 

16 

6 

18 

9 

17 6 

21 7 

6 7 

Rhamnose 

C 

4 

0 

0 

0 

2 

2 

4 

0 

0 

2 S 

0 0 

0 8 

Salicin 

12 

9 

0 

0 

3 

9 

10 

7 

0 

0 

3 3 

0 0 

6 6 

Maltose 

1 

9 

9 

It 

6 

9 

11 

7 

8 

9t 

0 0 

8 It 

11 3 

Sucrose 

0 

7 

0 

0 

2 

9 

0 

0 

0 

0 

0 0 

0 0 

1 7 0 

Lac tosc 

16 

7 

0 

0 

3 

3 

2 

7 

2 

5 

: 0 3 

0 3 

6 6 

rehalosc 

16 

7 

0 

0 

2 

3 

12 

1 

0 

0 

12 7 

0 0 

9 7 

^^laffinose 

1 

0 

0 

0 

0 

6 

0 

2 

0 

0 

0 2 

0 0 

9 0 

^ Dextrin 

0 

9 

0 

3 

0 

7 

0 

1 

0 

0 

0 0 

0 0 

4 7 

Amylose 

1 

0 

i 0 

2 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 9 

Glycogen 

1 

0 

1 0 

0 

0 

2 

0 

2 

0 

0 

0 4 

0 0 

1 2 

Inulin 

; 0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 6 

IManmtol 

12 

3 

0 

0 

0 

0 

0 

0 

0 

9 

0 0 

1 1 

0 7 

Dulcitol 

0 

9 

0 

0 

0 

0 

0 

1 

0 

1 

0 1 

0 0 

0 9 

Sorbitol 

3 

6 

0 

0 

0 

2 

0 

2 

0 

0 

0 2 

0 0 

1 0 

Inositol 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 4 

0 2 

0 S 

Glycerol 

0 

C 

0 

0 

0 

2 

0 

c 

0 

0 

0 4 

0 0 

1 2 


* Acid production is given as ml of 0 01 n NaOII to titrate 1 ml of final solution 
per tube containing 2 per cent concentration of the stated carboh> drale Except for 
L huchnen the values given in bold-faced type are at least t\\ o thirds those found 
for glucose 

t Culture obtained through the coui tesj of Dr V H Cheldehn 

J Gas formed 

§ Similar results for acid production fiom fourteen carbohydiates by this (or a 
related) strain has been reported by Stiles ct al (13) 

moffiifvlio'pocus, Lactobacillus lycopersici (4005), and Lactobacillus gayoim 
(8289) avtis unaffected, or sbghtly stimulated, by inci easing concentrations 
up to a critical level (2 to 4 pei cent) of salt, beyond which it decreased 
sharply Comparable smulanty m the behavior of these organisms was 
observed m the experiments on vitamm (1) and ammo aoid reqiurements 
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(2) It «Jccms aj^parcnt that these organisms represent species which are 
clu^cly related, but ^\hlcll may be readily differentiated by fermentation 
(csls with sucrose, lactose, laffinose, \jdose, and arabmose (see Table I) 
Since all of the organisms A\eie inhibited significantly by salt at particular 
concentrations, it seems piobable that they might be inhibited even more 
on media containing concentrations of an essential nutnent approachmg 


Table II 

Per Cent Salt Tolerance* 


NaCl in basal medium 



0 

1 

2 

3 

4 

5 

6 

7 

8 

L vicsefitcroidcs (8293) 

8 

8 



9 

2 

6 

8 

4 4 

2 8 

1 

6 

0 2 

0 0 

L ciiroiorit7n (7013) 



8 

7 

9 

3 

6 

4 

4 4 

2 9 

1 

7 

0 4 

0 0 

L cUroioruni (797) 

8 

9 

9 

0 

9 

2 

6 

6 

4 5 

2 8 

1 

8 

1 2 

0 0 

L inesentcroides (9135) 

9 

2 

9 

1 

9 

3 

8 

1 

5 4 

3 0 

0 

2 

0 0 

0 0 

L dextrameum (SOSG) 

8 

2 

9 

1 

8 

9 

6 


4 0 

1 8 

0 

2 

0 2 

0 0 

L peniosus 124-2 
Lactohacilhis brassicae 

14 

1 

13 

9 

13 

4 

12 


11 0 


5 

5 

2 5 

0 8 

(8041) 

14 

4 

14 

5 

13 

6 

12 

8 

10 8 

8 6 

4 

6 

2 3 

1 2 

L arahinosus (8014) 

15 

2 

15 

5 

15 

9 

14 

8 

13 0 

9 3 

4 

4 

1 4 


L citrovorum (8082) 

5 

8 

5 

6 

5 

0 

4 

3 

3 2 

1 0 

0 

2 



L ly coper sici (4005) 

8 

5 

8 

6 

8 

7 

8 

8 

8 8 

1 3 

0 

9 



L dexirantcuin (8358) 

5 

8 

5 

2 

3 

9 

3 

6 

3 0 

2 2 

1 

1 



L dextrameum (8359) 

6 

2 

4 

4 

3 

4 

2 

6 

2 0 

1 4 

0 

4 



L fermenti (9338) 

8 

4 

8 

3 1 

8 

4 

8 

6 

6 2 

0 1 

0 

2 



L vianmiopoeus 

8 

1 

8 

1 

8 

0 

1 

4 

0 1 

0 0 

0 

0 

ijil 


L delbrucktt (9595) 

15 

4 

15 

5 

14 

8 

13 

3 

10 6 

4 7 

0 

1 

0 0 1 


L caset (7469) 

15 

0 

14 

9 

14 

2 

13 

5 

12 0 

9 0 

1 

9 

Eh 


L gayonii (8^9) 
Streptococcus faecalis R 

8 

2 

8 

3 

8 

5 

8 

5 

8 0 

0 4 

0 

2 



(8043) 

5 

3 

5 

7 

5 

4 

4 

6 

3 4 

1 9 

0 

6 



L citrovorum (8081) 

11 

4 

10 

1 

8 

9 

7 

8 

6 8 

5 2 

3 

2 

1 4 


L pentoaceiicus (367) 

4 

9 

5 

3 

3 

6 

3 


1 2 

0 6 

0 

4 

Eh 


L mesenteroides (8042) 

10 

8 

9 

6 

i 8 

1 

6 

7 

5 6 

3 4 

1 

2 



L brevis (8257) 

8 

2 

8 

4 

8 

2 

8 

i 

5 6 

3 0 

1 

6 




* Given as ml of 0 01 n NaOH to titrate the acid formed per ml of final solution 
No acid was produced by any of the organisms at any concentration of salt from 9 
to 14 per cent 


the limitmg amounts It seems evident, therefore, that possible mhibitions 
by salt should be avoided m assaying materials by microbiological methods 
This may be accomphshed by ehminatmg the salt from the sample to be 
assayed or, as has been desenbed m recent papers (10-12, 15), by adjustmg 
all solutions employed m an assay to the same salt concentration 
Lactobacillus plantarum grew well on the present basal medium but not 
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OB that employed m previous ev-pcnments (1, 2) It was concluded, 
therefore, that Bacto-peptone (Difco) contained a growth factor (or 
factors) in addition to the stated tventy-one amino acids, twelve vitamins, 
eiglit salts, three purmes, and one pyrmiidine It was found, however, 
that this accessory material was not present in all lots of Bacto-peptone 
For tins reason, a series of supplements was tested The lesults of these 
experiments are showm m Table III 

Autolyzed yeast and Bacto-beef were found to be the best sources of the 
factor Although liver concentrate powder stimulated the growth of 
Lactobacilhis plantanm, the concentration of the factor m this product 
appeared to be less than one-third that m the other supplements Tlie 
other matenals were wathout appreciable stimulatorj' effect m the quanti- 
ties emploj'^ed m these experiments It seems probable that this Laclo- 


Tablf III 

Acid ProducUon* by Lactobacillus plantarum (SOOS) on Basal Media Coniaimny 

Nvtricnt Supplement'! 


Supplement 
added per ml 
of medium 

Bacto 

No 382113 

Yeast 1 
extract 
(Difco), 1 
No 369332 

Peptonized i 
milk 
(Difco) 

No 3S9304 

Water- 
soluble 
milk 1 

concentrate 
(Labco) 1 
No YXN 

Autolj*,ed 
\ cast 

(Uifco) 1 
No 374S18 

Lit cr 

concentrate 
powder UO ! 
flViNon) 

No 59265 

Bacto 

beef 

(Difco) 

No 379586 

ms 

ml 

ml 

ml 

ml 

■■ 

ml 

/ 

ml 

0 33 

0 1 

0 2 

0 3 

0 4 


MM 


1 

0 2 

0 3 

0 3 

0 4 

■SI 


14 4 

5 

0 2 

0 6 

0 7 

0 7 

dB 


15 5 


* Given as ml of 0 01 n NaOII to titrate 1 ml of final solution 
t The amounts indicated were in addition to the 16 mg of Bacto-peptone present 
per ml of basal medium 


bacillus plantarum factor is not tluamine, pyridoxme, pyndoxamine, 
pyndoxal, pantothenic acid, nboflavm, mcotimc acid, biotm, p-anuno- 
benzoic acid, fohe acid, cholme, or inositol, since these vntamms were 
present m the medium on winch no grow'th occurred It appears hkely 
that this factor is not coenzyme I, since yeast extract, a good source of this 
substance, did not support growth of Lactobacillus plantarum The 
isolation of this factor and the development of an assay method for its 
determmation are under investigation 

The supplementary nutrients, except Labco XXX water-soluble milk 
concentrate, were tested at a concentration of 5 mg per ml of medium to 
detemune their effect on 24 hour acid production by the lactic acid bactena 
The results of these experiments are giv'^en m Table IV for twelve of the 
organisms for which significant stimulation of acid production was ob- 
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served The number of organisms in this category ranged from nme for 
3 cast extract to foui foi Bacto-beef Smee mcreased acid was formed on 
Bacto-bcef b}’’ onl}’* foui of the t\\elvc organisms, it appears probable that 
the 5 cast, milk, and liver supplements contained some growth factor (or 
factors) m addition to the Lactohdcilhis planianm factor present m Bacto- 
beef It is of interest that Metcalf ct al (16) have reported the presence of 
an unidentified grovth-piomoting substance (called T factor for Lacto- 
hacilhis fermenh (L3G)) in tomato juice and other vegetables That the 
T factor is distinct from thiamine vas indicated by its stabihty to heat 
None of about fort3’' other substances (^ntamms, ammo acids, purmes, 
P3Timidmes, organic acids pnncipally) enhanced the growth of this or- 

Table IV 


Acid Production* hy Lactic Acid Bacteria on Basal Media Containing Nutrient 

Sujyplcmcnts 


Supplement added (5 mg 
per ml of medium) 

L dexiranicum 
(8036) 

Lactobacillus 
brasstcae (8041) 

cs 

.1; oc 
~ o 

U OO 

§ 

2c 

L dextramcam 
(8358) 

►-4 

a ^ 

Streptococcus fae 
calls R (8043) 

L citrovorum 
(8081) 

vT 

u 

u 

<3 

^-4 

n 

»o oo 

•-4 

L plantarum 
(8008) 

None 

7 6 

14 1 

2 8 

1 9 

7 8 

12 0 

11 8 

4 9 

11 8 

3 1 

4 4 

0 2 

Yeast extract 

mmH 

15 4 

3 2 

3 3 

8 4 

17 3 


6 1 

13 6 

3 6 

6 3 

0 4 

Peptonized milk 

8 0 

14 G 

3 6 

3 9 

8 2 

16 6 

16 4 

6 8 

12 6 

4 8 

: 6 4 

0 3 

Autolyzed yeast 

S 3 

16 7 

3 4 

1 4 


14 6 

14 3 

4 0 

13 2 

2 4 

6 3 

3 7 

Liver pov der 


14 6 

2 7 

1 3 

7 8 

13 2 

13 0 

4 8 

12 3 

4 7 

m 

2 7 

Bacto-beef 

m 

14 5 

2 S 

2 3 

8 6 

12 4 


3 9 

12 1 

2 9 

4 8 

2 9 


* Given as ml of 0 01 n NaOH to titrate 1 ml of final solution per tube The 
values given in bold-faced type are at least 10 per cent higher than those obtained 
when no supplement w as added 


ganism It seems possible, from the present experiments, that the T 
factor miglit be xylose, smee it alone, of all the nutnent substances tested, 
gave a significant mcrease m acid production (from about 9 ml of 0 01 n 
N aOH per ml of basal medium to about 16 ml ) No report has been 
found of the presence of xylose in tomatoes, although total sugars average 
about 3 4 per cent, according to Chatfield and Adams (17) 

SUMMARY 

It has been found from tests of twenty-four lactic acid bactena and 
twenty-two carbohydrates (and carboh3^drate denvatives) that the number 
of carbohydrates from which gas was produced ranged from eight for 
Leuconostoc mesenteroides (8293) to zero for ten orgamsms, that the number 
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of organisms winch produced gas ranged from twelve for maltose to zero 
for thirteen carbohydrates, that the number of organisms niuch produced 
relatively large amounts of acid ranged fiom twenty-three for glucose to 
zero for nine caibohydrates, and that the number of caibohydrates from 
which acid vas produced readily by the various organisms ranged from 
twelve for Lactohacilhis arahinosns (8014) to two for Lcuconosloc dex- 
Iramcnm (8359) Arabinose and xylose were the only carbohydrates 
winch supported good growth and abundant acid production by Lacio- 
hacillm bnehnert Sodium chloride was w'ell tolerated bj^ all of the organ- 
isms up to concentrations which, in some instances, were as high as 4 per 
cent Acid production w as inhibited at higher salt concentrations, and no 
acid w'as formed by any organism beyond 8 and up to 14 per cent concentra- 
tion of sodium chlonde in the basal medium It w as considered probable, 
from experiments on the stimulation of acid pioduction, that a growth 
factor essential for Lactobacillus plantarum (8008) and stimulatoiy sub- 
stances for eleven other organisms weie piesent in nutnent supplements 
Some evidence w-as presented w’hicli indicated that Lactobacillus delhrucl n 
LD5 (9595), and possibly some other organisms, piobably should be 
reclassified The possible significance of the present experimental findings 
to the microbiological assay of vitamins and ammo acids has been discussed 
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THE DETERMINATION OF d(-)- AND Z(+)-GLtrTAMIC 
ACID IN PROTEIN HYDROLYSATES* 

'MAX S DUNN, MERRILL N CMIIEN, S SHANIUMAN, and 
IIARRIETTE BLOCK 

(From (he Chemical Lahoratory^ University of California, Los Angeles) 
(Received for publication, August 19, 1946) 

The determination of d( — )- and i(+)-amino acids is of interest because 
of recent reports that both isomers may be present m normal and tumor 
tissues, antibiotics, and microorganisms, and that they may follow different 
pathways m metabohsm Although ammo acid antipodes may be esti- 
mated by the isotope dilution procedure and by means of specific ammo 
acid OMdases, it w ould appear advantageous if each optical form could be 
determined rmcrobiologically 

It may be possible to detenmne d(+)“ and Z(—) -methionine m the 
presence of each other, smee Dunn et al (2) have showm that total d(+)- 
and Z(“-)-methiomne ma}’' be determined with Lractobacillus fermenti 36 and 
Z(— )-methionme with Leuconostoc mesenteroides P-60 or Lactobacillus 
arabinosiis 17-5 The proportions of d(— )- and Z(+)-glutamic acid m 
bactenal cells ivere estimated by Carmen et al (3), who compared the acid 
produced at vanous levels of the hydrolysates with that observed m media 
contammg from 10 1 to 5 3 ratios of the antipodes Quantitative values 
were not obtamed and it would be diflBcult to determine the glutamic acid 
antipodes accurately by this procedure, smee the activities of the isomers 
vary wnth the concentration (4-7) and a series of standard curves is re- 
quired 

From studies (unpubhshed data) of the nutritional requirements of 
lactic acid bactena, it was observed that d(— )-glutamic acid had no ac- 
tivity for two s trams {Streptococcus faecahs R (8043)^ and Leuconostoc 
ctlrovorum (8082)), but w^as as active as Z(+)-glutamic acid m promotmg 
acid production by seven strains (listed m Table II) d(— )-Glutanuc 

* Paper 32 For Paper 31 see Camien et al (1) The subject matter of this paper 
has been undertaken in cooperation wuth the Committee on Food Research of the 
Quartermaster Food and Container Institute of the Armed Forces The opinions or 
conclusions contained m this report are those of the authors They are not to be 
construed as necessarily reflecting the vievs or indorsement of the War Department 
This work v as aided by grants from the American Home Products Company, Merck 
and Company, Inc , the Nutrition Foundation, Inc , and the University of California 

1 The number given in parentheses after the name of the orgamsm refers here, and 
elsewhere, in this paper to the number given by the Amencan Type Culture Col- 
lection 
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acid had vanable, but only partial actmty for eight strains of Lactobacillus 
(i c , fcrmcnh 36 (9338), gayomz (8289), pcntosus 124-2, arahinosus 17-5 
(8014), casei (7469), manmtopocus, hrassicac (8041), and brevis (8257)), 
and for three strains of Lcuconosloc (z c , znesentcroides (9135), ciirovonim 
(8081), and mescnteroides P-60 (8042)) Assay procedures based on these 
findings i\ere devised for the determmation of i(+)-glutamic acid with 


Taulb I 

Coinposiiton of Basal Medium 


Constituent 

Mk per liter 

Constituent 

Mg per liter 

di-Alamnc j 

C67 

Xanthine 

12 0 

Asparagine, natural | 

CG7 

Dextrose 

20,000 

Z(4*)-Argimne HCl i 

6G7 

Sodium acetate 

12,000 

Z(—) -Cysteine HCl 

GG7 

Ammonium chlonde 

6,000 

Glycine i 

CG7 

KH.PO* 

500 

U~)-Histidine HCl HjO 1 

GG7 

K.HPOi 

500 

^(—)-Hydro\yprolinc ' 

G67 

MgS04 7H.0 

200 

<fZ-l8olcucinc 

G67 

FeSO< 7HjO 

10 

Z(~) -Leucine 

667 

MnSOi 4HaO 

10 

dZ-Lysine HCl 

6G7 

HaCl 

350 

d/-Mcthionine 

667 

Thiamine HCl 

1 0 

d^-Norleucine 

667 

Pyndovne 

! 1 6 

dLNorvahne 

667 

P>rido\amine 2HC1 

0 10 

d^-Phenyl alanine 

6G7 

Pyndoxal HCl 

0 10 

Z(— )-Prolme 

GG7 

dl-Ca pantothenate 

2 0 

c?Z-Senne 

6G7 

i Hiboflavm 

2 0 

dl-Threonine 

667 

1 Nicotimc acid 

2 0 

dl-Tryptophane 

6C7 

1 Biotin 

0 005 

Z(—) -Tyrosine 

667 

p Aminobonzoic acid 

0 10 

di-Vahne 

667 

Folic acid* 

0 005 

Adenine sulfate 2H**0 

13 8 

Choline chlonde 

10 0 

Guanine HCl 2H.0 

13 0 

Inositol 

25 0 

Uracil 

12 0 




* Product described previously (8) 


Streptococcus faccalzs R (8043) and of total (d(-) + Z(+))-glutanuc acid 
with any one of the seven organisms hsted m Table II 

EXPERIMENTAL 

The composition of the basal medium is given in Table I Separate 
solutions of basal medium, ammo acid test mixture, hydrolysates, standard 
ammo acid, sodium chlonde, and inocula were dehvered mto 3 mch test- 
tubes with the aid of an automatic pipette (Baltimore Biological Company 
mstrument) The total volume of solution in each tube was 1 5 ml All 
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of the solutions, except the basal medium, were adjusted to the same concen- 
tration of sodium chloride to compensate for any stimulatory or mhibitoiy 
salt effects The standards (d( — )-, and di-glutamic acid) were run 
m quadrupheate at eleven levels and the test mixture and the protem 
hydrolysates were run in dupheate at two to five levels The time and 
temperature of incubation wyere 72 hours and 35°, respectively The ex- 
penmental results are given m Tables II to V 

DISCUSSION 

It ^vas found that d(“)-and Z(+)-glutannc acid could be detenmnedm 
an ammo acid test nuxture contammg about a 3 1 ratio of Z(+)- to c?(— )- 
glutamic acid and m acid hydrolysates of casern and Laciohaczllus arobino- 
sus cells As was shoivn m Table II, acid production by each of seven 
orgamsms was essentially the same for each standard (d(— )-, Z(+)-, and 
dJ-glutamic acid) at each of the eleven levels Acid production by Strepto- 
coccus faecalis R wyas neghgible for d(“)-glutamic acid and it was nearly 
eqm valent for Z(+)-glutamic acid and twice the quantity of c?Z-gIutamic 
acid 

As wyas sho^vn m Table III, the recovery of J(+)-glutamic acid from the 
a mm o acid test mixture was 100 4 per cent, while that of total (d(“-) + 
i(+) -glutamic) acid averaged 100 8 (95 0 to 105 2) per cent The cor- 
rected Z(+)-glutamic acid (Table IV) found for casern was 20 7 per cent 
and the total glutamic acid averaged 22 3 (21 4 to 23 3) per cent Smee 
the difference between these values is barely larger than the limits of 
accuracy of the microbiological procedures employed, the view that casern 
yields httle, if any, d(— )-glutamic acid on acid hydrolysis appears to be 
correct The i(+)-glutamic acid (Table V) found for dry, defatted 
Lactobacillus arabznosus cells was 4 23 per cent and the total glutamic acid 
averaged 8 23 (7 37 to 9 20 per cent) The calculated c^(— )-glutamic acid 
was 4 00 per cent The values reported previously (3) for d(“)- and 
i(+)-glutanuc acid m the same cell preparation were 3 67 and 3 87 per 
cent, respectively 

Data for glutamic acid obtamed by microbiological assay wath Lacto- 
bacillus arabznosus 17-5 may be somewhat maccurate, if the biological 
matenals assayed contam both isomeis of this ammo acid, owing to the 
vanable activity of d(-')- and i(+)-glutamic acid for this orgamsm It is 
of interest that Lactobacillus arabznosus 17-5 has been employed m all 
(pubhshed) microbiological assays for glutamic acid 

It is the object of future mvestigations to improve the precision and 
accuracy of the assay procedures and to determme the amounts and 
proportions of the antipodes of glutannc acid m a variety of natural mate- 
nals 
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THE DETERMINATION OF GLYCINE IN PROTEIN 
HYDROLYSATES WITH LEUCONOSTOC 
^lESENTEROIDES P-60* 

S SHAXIuMAN, MERRILL N CAMIEN, and MAX S DUNN 
(/ roHi ihc Chemical Lahoraioryy University of California^ Los Angeles) 
(Rcccncd for publication, September 4, 1946) 

The determination of gl3^cme m piotem hj^'drolysates mth Leuconostoc 
incscntcrotdcs P-GO is desenbed in tins communication Although glycme 
has been repoited to be essential, or accessory, to the growth of Strepto- 
coccus Jaccahs {S laclis R) (2), Laciobactlhis brevis (3), Lactobacillus pento- 
accticus (3), Leuconostoc ciirovomm (3), and Leuconostoc mesenteroides 
P-60 (3, 4), it has been determined imciobiologically only with the last 
organism^ (5) 


EXPERBIENTAIi 

Tlie assay techniques emplo3’'ed were essentially the same as those 
desenbed previously (6) The protem hydrolysates, the moculum sus- 
pensions and solutions of the basal media, ammo acid test mixtures, the 
standard amino acid, and sodium chloride were dehvered to 4 mch test- 
tubes vnih the aid of an automatic pipette (Baltimore Biological Company) 
Tlie final volume was 2 ml per tube The solutions of aU of the matenals, 
except the basal media, were adjusted to the same concentration of sodium 
chlonde to compensate for any stimulatory or mhibitory effects The 
standard wvls run at fifteen levels (0 to 28 7), the amino acid test mixtures 
and the protem hydrolysates were nm at five levels, and five to six repheate 
tubes vere employed at each level of sample and standard The com- 
position of the basal medium was the same as that given as Medium D, 
Table I, m Papei XVIII (4), except that glycme was omitted and the 
concentration of total ammo acids was tvace that stated m Table I, Paper 
X^TII Glycme was added to the basal medium to oveicome an mduction 
penod which extended from 0 to about 7 7 of glj^cme Usually 3 7 of 
gtyeme per ml of final solution per tube v ere added It was found from 

* Paper 33 For Paper 32 see Dunn et al (1) This \^ork has been aided by 
grants from the American Home Products Company, Merck and Company, Inc , 
the Nutntion Foundation, Inc , Standard Brands Incorporated, and the University 
of Califorma The authors are indebted to Miss Harnette Block for assistance 

The Leuconostoc mesenteroides P-60 employed is American Type Culture Collection 
No 8042 

1 In jS-lactoglobulin by an unpublished method 
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GLYCINC IN PROXBIN HYDROLYSATES 


experiments with multiple levels of total ammo acids (1 3 , 2 0 , 2 7 , and 
3 3 times the quantities given m Medium D, Table I, Papei XVIII) and 
varymg concentrations of glycme (10, 20, 30, and 40 7 per 2 ml of final 


Table I 

Assay of Glycine xn Ammo Acid Test Mixture t* {Glycine Content 1 40 Per Cent) 


1 

Ammo acid mixture 
per tube 

Gl>cmc present 
per tube 

ritratiOD \oIuincf 

.... 1 

GI>cinc found 
per tube 

Gljcme reco^credt 

7 

7 

Vll 

7 

Per cent 

284 8 

i 23 

' 3 50 

3 92 

92 7 

669 G 

S 4G 

4 97 

7 95 

94 0 

85*1 i 

12 70 

6 32 

12 70 

100 0 

1139 

16 93 

1 7 52 

17 10 

102 s 

1421 

21 16 

1 S 08 

1 20 SO 

9S 3 

Average 

- 



97 5 


♦The composition of the test mixture, except for the increased gl>cine content, 
IS shown in Tabic IV of Paper XVII (7) 

f The contents of six replicate tubes at each level of sample were mixed and ti- 
trated with 0 124 N NaOH The preferred conditions (see the * ‘Discussion*') were 
employed 

X The recoveries in analogous experiments from a test mixture containing 0 SCO 
per cent glycine were 103 and 101 per cent and from one containing 0 292 per cent 
glycine were 112 and 108 per cent 


Table II 

Assay of Glycine in Ainino Acid Test Mixture 3* {Glycine ConUnt 1 075 Per Cent) 


Ammo acid mixture 
per tube 

Glycine present 
per tube 

Titration \olumct 

Gbcme found 
per lube 

Glicme recovered 

7 


ml 

7 

per cent 

372 


3 13 

3 70 

92 5 

744 



7 75 

96 9 

1116 



12 60 

105 0 

1488 


7 40 

16 SO 

105 0 

1860 


8 20 

21 55 

107 8 

Average 

101 4 


♦ The composition of the test mixture is that given in Table II of Paper XVIII (4) 
t The contents of six replicate tubes at each level of sample weie mixed and ti- 
trated with 0 12^1 N NaOH The preferred conditions (see the “Discussion**) were 
employed 

volume per tube) that acid production was nearly constant under these 
conditions 

The experimental results are given m Tables I to IX 
























SmVNICiM^VN, CAMIBN, ^VND DUNN 


53 


DISCUSSION 

It has been found that glycine could be detennined most accurately m 
samples containmg widely var 3 ung concentrations of this ammo acid under 
the following conditions an moculum of Leuconostoc mesenteroides P-GO 


Table III 

Assay of Glycnic in Amino Acid Test Mixture 5* {Glycine Content 27 96 Per Cent) 


Ammo acid mixture 
per tube 

Glycinc present 
per tube 

Titration volumet 

Glycinc found 
per tube 

Glycinc recovered 

T 

T 

ml 

y 

per cent 

18 8 

5 26 

2 88 

4 85 

92 2 

37 6 

10 51 1 

4 54 

10 52 

100 1 

56 4 

15 77 ‘ 

5 65 

15 70 

99 5 

75 2 1 

21 02 

6 65 

21 10 

100 4 

94 0 i 

26 28 

7 55 

26 84 

102 1 

Average 

98 9 


* The composition of the test mixture is given in Table III of Paper XIX (8) 
t The SIX replicate tubes ere titrated separately with 0 027 n NaOH The 
average of each set of six titration values is given in Table III The basal medium 
was Medium D given in Table I of Paper XVIII (4), except that the level of total 
amino acids was 1 33 times that stated The incubation time was 2 days 


txble rv 

Assay of Glycine in Casein Hydrolysate* 


Hydrolyzed casein 
per tube (moisture and 
ash free) 

Titration volumef | 

i 

Glycme found per tube 

Glycme m casein 

y 

ml 

y 

per cent 

223 7 

3 45 

4 16 

1 86 

447 4 

5 00 

8 68 

1 94 

671 0 

6 38 

13 30 i 

1 98 

894 7 

7 51 

18 00 

2 01 

1118 

8 40 1 

22 00 

1 97 

Average 

1 95 


* The preferred conditions (see the ''Discussion’^ were employed 
t The contents of six replicate tubes at each level of sample were mixed and ti- 
trated with 0 124 N NaOH 


diluted with a volume of stenle salme from 3 to 9 times that of the medium 
from which it was centrifuged, a basal medium contammg 3 t of glycme 
per ml of final solution, and total ammo acids at twice the level employed 
previously for the determmation of lysme (8) and histidine (10), and m- 
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GLYCINE IN PROTEIN HYEROLl SATES 


cubation for 3 days at 35° Under these conditions, the average mean 
deviation fiom the mean values (five levels of sample) averaged about 2 
per cent, the recoveiies of glycine from ammo acid test mixtures and pro- 

TvBLb V 


Recovery oj Glycine Added to Cuiicin Hydrolysate* 


Hydrolyzed casern 
per tube (moisture 
and ash free) 

Cilycmc 

In casern per tubet 

Added per tube 

Found per tube 

Rccovcrcdt 

7 

7 


7 

per cent 

111 8 

2 IS 1 


1 28 1 

105 0 

223 7 

1 35 


8 32 

99 2 

335 5 

1 6 5^1 

1 G 00 

12 75 

103 5 

447 4 

8 71 

8 00 

15 20 

81 1 

559 2 

10 80 

10 00 

21 12 

105 3 

Average 

98 8 


* The sample was prepared to contain 10 0 7 of glycine and 559 2 7 of moiature- 
and ash-free casein per ml Volumes from 0 20 to 1 00 ml w ere taken for the assays 
The preferred conditions (sec the Discussion**) were employed 

t Estimated on the basis of the 1 95 per cent of glycine in casein given in Tabic 

rv 

t Calculated by the method given in Paper XXV (9) 


TABLb VI 

Assa?/ of Glycine in StlL Fibroin Hydrolyt^aio* 


Hydrolyzed silh fibroin 
per tube (moisture and 
ash free) 

Titration volumef 

Glycine found per tube 

Glycine in silk fibroin 

7 

ml 

1 

1 7 

per cent 

11 64 

3 82 

, 5 20 

44 G 

23 28 

5 53 

10 40 

44 6 

34 92 

7 08 

15 95 1 

45 7 

46 66 

8 30 

21 42 


58 21 

9 05 

25 60 

1 43 8 

Average 

44 9 


♦ The preferred conditions (see the ^'Discussion**) were employed 
t The contents of 8i\ replicate tubes at each level of sample were mixed and ti 
trated with 0 120 N NaOH 


tern hydrolysates were approximately 100 per cent, and the assay values 
for glycine m casern and foi glycine in silk fibioin agreed closely Rep- 
resentative assays under these conditions aie given for glycine m three 
ammo acid test mixtures (Tables I to III), glycme m bydiolyzed casern 
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Table VII 


Recovery of Glycine Added to Silk Fibroin Hydrolysate* 


n>drol>^cd silL 
fibrom per tube 
(moisture and 
ash free) 

In silL fibroin 
per tubet 

Added per tube 

Found per tube 

Recoveredt 

y 

7 


7 

per cent 

5 S2 

2 61 


4 60 

99 5 

11 64 

5 23 


9 24 


17 46 

7 84 


14 06 


23 2S 

10 45 


18 28 

97 9 

29 10 

13 06 

IBiHli 

22 16 

91 0 

A\ erage 

98 5 


* The sample ^vas prepared to contain 10 0 7 of glycine and 29 10 7 of moisture- 
and ash free silk fibroin per ml Volumes from 0 20 to 1 00 ml were taken for the 
assays The preferred conditions (see the “Discussion’*) were employed 

t Estimated on the basis of the 44 9 per cent of glycine in silk fibroin given in 
Table VI 

X Calculated by the method given in Paper XXV (9) 

Table VIII 

Summary of Recovery Data for Glycine from Ammo Acid Test Mixtures* 


Ammo acid Test Mixture No 




1 

2 

3 

Preferred conditionsf 

Ajy i 

per cent 

3 6 

Per cent 

5 0 

per cent 

3 9 


Range § 

97 5-101 7 

99 9-103 2 

104 6 


Mean 11 

100 2 ± 1 8 (3) 

102 0 db 1 1 (5) 

104 6 zb 3 9 (1) 

All other conditional! 

A D 

4 4 

2 8 

1 7 


Range 

90-128 

87-112 

98 6-104 2 


Mean 

113 zb 9 (25) 

102 4 ± 3 2 (23) 

100 8 zb 1 8 (9) 


* See Tables I to III for the composition of test mixtures 
t See the ''Discussion ” 

X Average mean deviation from the mean of the values at the five levels of the 
sample 

§ Range of all assay values 

II Mean assay value d= its mean deviation from the mean The figures in the 
parentheses denote the number of assays 

^ The concentrations of amino acids varied from 1 33 to 3 33 times that employed 
under the preferred conditions , the incubation times varied from 2 to 6 days and the 
dilution of the inoculum suspension varied from 1 3 to 1 81 


With and without added glycine (Tables IV and V), and glycine in hydro- 
lyzed silk fibroin ,with and without added glycine (Tables VI and VII) 
The results of the assays of glycine in the three ammo acid test mixtures 
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under all of the experimental conditions employed are summarized m 
Table VIII and the lesults of the assays of casein and silk fibroin for glycine 
are given m Table IX 

It appeals significant, however, that the accuracy with wdiich glycine 
could be lecoveied fiom ammo acid test mixtures decreased maikedly as the 
glycme deci eased fiom 1 186 to 0 292 pei cent (see Table I) Analogous 
results weie obtained previously in the assa}'' of phenylalanme ( 6 ) That 
the accuiacy with which gl 3 '’cinc (oi other ammo acids) may be deteimined 
miciobiologically m a protein h 3 ^diolysate is a function of its concentration 
IS fuithei indicated by the obseivation that the recovery of glycine under 
all of the expeumental conditions approached the theoietical amount only 
fiom the ammo acid test mixture (No 3) m w^hich glj^cine was present m 

TvBLb IX 


Sti77i7nanj of Protem Assay a7id Recovery Data 



GI>cinc m casern* 

GI>cmc in 

silk dbromt 

Found j 

Recovered 

Found 

Rccov cred 



per cent 

per cent 

per cent 

per cent 

Preferred conditions 

A D 

3 7 

3 6 

3 0 

2 9 


Range 

1 S2-1 95 

98 1-102 6 

12 8-45 0 

91 7-105 0 


Mean, i 

1 90 

100 1 

43 6 

99 5 



± 0 ai (3) 

db 1 6 (3) 

1 0 (3) 

± 1 1 (3) 

All other conditions 

A D 

3 9 

3 0 

1 5 

3 0 


Range 

1 5S-2 12 

91-lOS 

11 9-44 5 

95 1-105 7 


Mean 

1 93 

102 4 

43 1 

101 0 



0 11 (23) 

zh 3 1 (23) 

± 0 9 (S) 

rfc: 3 2 (8) 


* Collected for the 6 21 per cent moisture and the 0 55 per cent ash in the prepara- 
tion described in Paper XVII (7) 

t Corrected for the 5 68 per cent moisture and the 0 25 per cent ash m the prepara- 
tion described in Paper XVII (7) 

relatively high concentiation (28 pei cent) The value of ammo acid 
test mixture expeiiments m assessing the dependabihty of an analytical 
proceduie, first estabhshed by Osborne and Jones ( 11 ) in 1910, has been 
emphasized recently by Maitm and Synge (12) 

It IS of interest that an induction period extending up to about 7 7 of 
glycine for Leuconostoc mesenteroides P-60 under the stated expeumental 
conditions could be oveicome satisfactorily foi assay puiposes by the 
addition of 3 7 of glycine pei ml of final solution The same phenomenon 
has been observed for Lactobacillus ai ahinosus 17-5 and some othei organ- 
isms at loi\ levels of glutamic acid (13-15), and Lyman et al (14) utilized 
a basal medium for the assay of glutamic acid to which was added the 
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equivalent of 0 25 mg of glutamine pei tube It has been proposed that 
glutamine rathei than glutamic acid is the active metabolite for Lacio- 
bacillus aiabinosus (14, 15) and some othei organisms, but it does not seem 
probable that induction occuiied in the present experiments because of the 
slow synthesis of some unknown substance possessmg highei activity for 
Leiiconosioc incsenteioidcs than glycine A plausible explanation i\ould 
appeal to be that anothei structural^ similai amino acid such as alamne 
exeited a depiessive action at low levels of gtycine Lewus and Olcott 
(13) have found that aspartic acid was moie effective than any other ammo 
acid tested in depiessing acid pioduction by Lactobacillus arabinosus on 
a basal medium contammg glutamic acid-free casein h3’'diolj^sate These 
authors found, also, that glutamic acid activity was depiessed significantly 
by aigmme The mduction periods which have been noted m this lab- 
oratory for vahne (Leucoiiosioc mesenteroides) , phenylalamne {Lactobacillus 
fermenti), and serine {Lactobacillus casei) may be due to specific antagomsm 
by leucme, tyrosme, and thieonme, respectively 

Glycine in Casein 

It has been found by assay with Leuconostoc mesenteroides P-60 under the 
preferied conditions that casern, coirected foi moisture and ash, contamed 
1 90 (1 82 to 1 95, range of three assays) per cent of glycme The average 
value, 1 93 (1 58 to 2 12, range of twenty-thiee assays) per cent, was ob- 
tamed under all other conditions 

Martm and Synge (12) have stated that “the least satisfactory aspects 
of quantitative a mm o acid analysis seem at present to be {i) the deter- 
mmation of glycme and hydroxyprolme, {it) the differentiation of leucme 
and isoleucme ” Only traces of glycme have been found m casern (16-19) 
by Fischei's ester method Although Fischer (18) lecoveied 78 per cent of 
the 5 gm of glycme added to 25 gm of hydrolyzed casern, it seems un- 
likely that as high a percentage of the relatively small amount of glycme 
present normally m casern could be isolated by the ester proceduie 40 
to 80 per cent of eleven ammo acids m a test nuxture was recovered by 
Osborne and Jones (11) m a study of the ester method but glycme was not 
investigated 

Values rangmg fiom 0 4 to 10 per cent of glycme m casern have been 
leported by workers (20-23) who employed an o-phthahc dialdehyde colon- 
metnc procedure (21, 24, 25) Smce histidme (26), as well as tryptophane, 
cystme, argmme, alanme, asparagme, and ammonium salts (25), gives 
colored products with this reagent, it seems imhkely that quantitative 
results would be leadily obtamable by this method It may be significant 
that the 22 2 per cent of glycme obtamed (21) for gelatm by this colon- 
metnc procedure was considerably lower than the values (25 5 to 27 per 
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cent) found by the solubihty product (26) and the tnoxalatochromiate 
(27) methods It is also of mterest that no glycine could be detected m 
gramicidin (28) by the Patton colorimetric proceduie, 'v\hile t^\o residues 
of glycme per thirty residues of total amino acids were found by means of 
the flowing chromatogram (29) 

About 0 5 per cent of glycme has been isolated from casern as the picrate 
fSO), 0 3 per cent (31) as the nitranilate, and 3 6 per cent (32) as the m- 
tramlate The last value may be high, smce the purity of the glycme 
nitranilate isolated from casern was not established The product may 
have been contammated with the nitranilates of some other ammo acids 
smce Stem, quoted by Block (33), has stated that high values were obtamed 
by To^vn’s method probably because of the partial precipitation of the 
basic ammo acids along with glycme It is of mterest that a method foi 
the determmation of histidme as the mtranilate has been described by 
Block (33, 34) 


Glycine tn StlL Fibroin 

It has been found that silk fibrom, corrected for moisture and ash, con- 
tamed 43 6 (42 8 to 45 0 range of three assays) per cent determmed under 
the pi ef erred conditions and 43 4 (41 9 to 44 5, range of eight assays) 
deteimmed under all other conditions It seems probable that the average 
value, 43 G per cent, is approximately coriect, smce it is in close agreement 
with the average value, 43 8 (43 3 to 44 4, range of three detemimations) 
per cent, determmed by the 5-mtronaphthalene-l-sulfonate (35) method 
and the average value, 43 8 (43 5 to 44 1, range of three determmations) 
per cent, determmed by the tnoxalatocliromiate procedure (36) Boyd 
(37) reported that silk fibrom contamed 42 per cent of glycme, determmed 
gravimetncally as its hydantom, while values rangmg from 9 8 to 40 5 per 
cent have been found (38-57) by Fischer’s ester method 

SUMMARY 

A microbiological method has been descnbed for the determmation of 
glycme m protem hydrolysates with Leiiconosioc mesenteroides P-60 The 
preferred assay conditions were considered to be 3 days mcubation at 35° 
and a basal medium of the composition reported previously (4), except that 
the concentration of total ammo acids was twice that given and 3 7 of gly- 
cme were added per ml of final volume 

It w^as concluded that the probable true value for glycme m casern is 
1 9 it 0 1 per cent and m silk fibrom 43 6 it 1 0 per cent The value for 
casern is somew^hat higher than any other leported m the hterature (ex- 
cept that found by Town (32)), but that for silk fibrom is m close agree- 
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ment \\ith the most iclnble values which have been obtamed by other 
workeis 
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KIDNEY PHOSPHATASE IN ALIMENTARY HYPERGLYCEMIA 
AND PHLORHIZIN GLYCOSURIA A DYNAMIC MECHA- 
NIS:\I FOR RENAL THRESHOLD FOR GLUCOSE 

B\ JULIVN B MABSII a\d DAVID L DRABKIN 
With tiil Coll vi3or\tion of Willi \m B Goddard 

(/ rom the Departments of Physiological Chemistry^ School of Medicine and the 
Graduate School of Medicine, University of Pennsylvania, Philadelphia) 

Plate 1 

(Received for publication, September 27, 1946) 

Glucose, \\hich appeals m the glomerulai filtiate at all levels of blood 
sugai, IS reabsoibed mainly m the pio\imal convoluted tubules of the 
kidne}’' This has been established by Walkei and Hudson (1) by means of 
micio dissection and micioanalytical techniques Undei usual physio- 
logical conditions, the reabsorption of the sugar is complete The renal 
threshold foi glucose may hence be defined as that level of blood glucose 
beyond which complete tubular leabsoiption no longei occurs Involve- 
ment of the phosphorylation piocess m the mechanism of leabsoiption of 
glucose was postulated by Lundsgaaid and his colleagues (2, 3) m the 
explanation of phlorhizm glycosuiia Beck (4) studied the effect of 
phlorhizm on phosphoiylation and dephosphorylation, and partially 
confiimed Lundsgaaid’s views, although Beckys positive findmgs mth 
lefeience to dephosphoiylation were hmited to acid phosphatase It is 
of mteiest that histochemical stammg techniques (5, 6) suggest that the 
proximal tubules aie one of the piefeiential sites of high concentiation of 
the kidney phosphatase Recent levieweis (7, 8), on the other hand, 
have legal ded the evidence foi the role of phosphatase m tubulai glucose 
leabsorption and paHiculaily the mhibition of kidney phosphatase by 
phloihizin as entiiely madequate It should be pointed out that the work 
of Lundsgaaid and his colleagues (2, 3) and Beck (4) has been confined to 
expel iments in vitro As fai as ve know, a demonstiation of the i elation 
of phosphoiylation-dephosphoiylation m glucose leabsorption in kidney 
tubules has not been demonstiated in vivo ^ 

One of the difficulties m eailiei work is the confusion which has resulted 
from a lack of distmction between phosphorylation and dephosphoryla- 
tion It is now lecognized that, undei the conditions existmg m tissues, 
the position of equilibiium is such that the catalysis by phosphatase is 
essentially non-ie\emible Phosphatase catalyzes only the dephosphoryla- 

^ Personal communication to one of us (D L D ) from E Lundsgaard 
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tion. of certam phosphate esters The phosphorylation process is 
biologically under the contiol of separate, complex enzyme systems mvolv- 
mg hexokmase and adenosme tiiphospliate (ATP) It should be under- 
stood, theiefore, that studies of phosphatase aie directed m-unly towards 
the dcphosphoiylation reaction How e\ ci , as wall be seen, later, m biologi- 
cal systems the separation of the dephosphor 3 dation and phosphorylation 
process may be difficult In the piesent m\c3tigation ot the possible idle 
of phosphoiylation-dephosphorylation m the renal threshold for glucose, 
attention has been directed to a study of phosphatase activity m two 
conditions mduced alimentary hyperglycemia with glycosuria and phlorhi- 
zm glycosuria The study of the hy pergly^ccimc state was undertaken, 
smce it may be regarded as moi e phy siological than phlorhizm poisonmg 
It w"as postulated that m acute hyperglycemia the tubular cells would 
be workmg at a maximum to leabsorb glucose, and, therefore, mvolvement 
of the phosphatase mechanism nught be susceptible of demonstration 
An improved method for the quantitative preparation of phosphatase 
extracts of kidney has been developed It has been discoveied from such 
extracts that hyperglycemia mduces a significant increase m the level of 
both acid and alkahne phosphatase activity This unexpected and 
mterestmg phenomenon receiv'ed confiimatoiy endence for its existence by 
a semiquantitative apphcation of Goniori’s histochermcal stammg tech- 
nique (5) hloreover, it has been clearly demonstiated that the addition 
of phlorhizm mhibits maikedly both the acid and alkalme phosphatase 
activity of the kidney extiacts, and that the phosphatase activity of 
phlorhizimzed rat kidneys is dmumshed iVs an aid in interpretation, 
data have also been gathered on ceitam aspects of the phosphorydation 
process m kidney 

Methods 

V Exiraciion of Phosphatase — ^Albmo rats of both sexes, 200 to 500 gm 
m w^eight, fasted foi 24 hours, were used The kidneys weie secuied by 
unilateral or bilateral nepluectomy, rapidly perfomed under moderate 
ether anesthesia After as much connective tissue as possible was qmcldy 
removed, and the excess blood blotted with filter papei, the kidney w^as 
frozen with hquid an and ground to a pow'der m a mortar This is essenti- 
ally the procedure of Peilmann and Ferry (9) In piehmmary studies of 
extraction proceduies we have found that homogenization of the above 
powder results m higher phosphatase activity (appreciably higher than 
that reported for kidney by Beck (4)) An additional step was accordmgly 
introduced 0 2 to 0 3 gm of the powder, representmg appioximately one- 
fifth of the ongmal rat kidney, was transferred to a weighed test-tube 
homogemzei of the Potter-Elvebjem type (10) The tube was reweighed, 
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10 ml of 0 5 M NaCl added, and the material homogenized for 2 mmutes 
at room temperature In the experiments mvolvmg phlorhizm greater 
concentration ^^as lequired, and hence appioximately 0 5 gm of kidney 
po\\der was homogenized wth 1 5 ml of 0 5 :m NaCl 
Detcrminahon of Phos 2 )haiase Activity — Except m the phloihizm experi- 
ments, 1 ml of the homogenate was added to 9 ml of a buffered sodium 
jS-gl^’^cerophosphate solution, prepaied accoidmg to Shmowara, Jones, and 
Remhart (11), and pre\nously adjusted to 37 5° In the experiments vnth 
phlorhizm, acid phosphatase activity was measured with 0 5 ml of the 
concentrated homogenate and 1 0 ml of the buffered substrate (Shmowara 
et al)j pH 4 9 to 5 1, while the deternunation of alkalme phosphatase 
required special conditions 0 5 ml of the concentrated homogenate was 
added to 1 0 ml of a solution contammg 5 0 gm of sodium jS-glycerophos- 
phate and 4 24 gm of sodium diethyl baibiturate pei 100 ml The mixture 
was then adjusted to pH 9 2 by addition of 0 5 n acetic acid 
The mixture of kidney extiact and bufiered substiate was meubated m 
a water thermostat for 1 hoiu at 37 5° 5 ml of 10 per cent trichloroacetic 

acid w^ere then added to mactivate the enzyme In each determination of 
phosphatase activity, aliquots, m which the enzyme was mactivated by 
addition of tnchloioacetic acid at the start of mcubation, were used as 
controls to correct foi the moiganic phosphate oiigmally present m extract 
and substrate Both the experimental and control solutions were filtered 
after mactivation The moiganic phosphate piesent m an ahquot (usually 
2 ml ) of each filtiate was deteimmed by the method of Fiske and Sub- 
barow (12), with a IHett-Summeison (13) photoelectric photometer with 
the red (X 660 mjLt) filtei The pH of the buffered sodium /3-glycerophos- 
phate solutions w^as checked by a glass electiode Blood sugar was deter- 
mmed by the micromethod of Folm and Malmios (14), also by means of 
the photoelectric photometer but wth the gieen (X 540 my) filter 

Deierrmnation of Adenosine Tnphosphate — 0 5 to 1 0 gm of powdered 
frozen kidney tissue was added to 7 ml of 7 per cent trichloroacetic acid 
m a tared centrifuge tube at 0°, accordmg to the proceduie of Kaplan and 
Greenberg (15) The 7 mmute-hydrolyzable phosphate was determmed 
directly on the trichloroacetic acid filtrate made up to a volume of 25 ml 
Deierrmnation of Aerobic Phosphorylation — The method used was essen- 
tially that of Colowick, Welch, and Con (16) Both oxygen consumption 
by Warburg’s direct manometric techmque (17) and decrease m morganic 
phosphate were measured The kidneys were removed from decapitated 
rats and immediately placed on cracked ice, weighed, and transferred to a 
homogemzer tube kept in ice Sufficient 0 05 m phosphate buffer of pH 
7 5 was added to make the concentration approximately 180 mg of tissue 
per 1 ml of homogenate The matenal was homogenized for 1 mmute 
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1 ml aliquots of this homogenate ^\ele then added to the Waibuig vessels 
contaming 1 ml of substzate and 0 2 ml of 2 n NaOH in the center well 
The compcsition of the substiate pei ml vas glucose 10 rag , NaF 3 rag , 
magnesium citiate 0 2 mg , and /(+)-glutamic acid 1 mg , adjusted to pH 
8 0 with 1 N NaOH The vessels veie gassed vitli 100 per cent oxygen 
foi 2 mmutes, and equilibrated at 38 3^ for 8 muiutes Oxygen consump- 
tion was then measuied foi the next 10 minutes Aiiei 30 mmutes, the 
vessels veie disconnected fiom the manometeis and 2 ml of 7 pei cent 
tiichloioacetic acid 'weie added The contents veie transfeired to 100 ml 
volumetiic flaslcs, biought to volume, and filteied The moigamc phos- 
phate ^\as dctermmed on aliquots of the filtxate At the start of the 
mcubation peiiod tiichloioacetic acid vas added to one of the vessels, the 
filtrate of which was used foi the measurement of the moiganic phosphate 
oiigmally present m homogenate and substrate 

EXPERIAIENTAL 

The data collected m Tables I and II indicate that ahmentaiy hypei- 
glycemia was accompanied by a statistically significant (18) mciease m the 
acid and alkalme phosphatase acti\ ities of rat kidney homogenates The 
mcrease amounted to 55 pei cent foi the acid and 70 pei cent for the 
alkalme phosphatase That this use ^\as not accounted for by dehydra- 
tion of the kidney tissue as a consequence of the admmistiation of hypei- 
tonic glucose to a fasted animal was evident fiom the constancy of the vet 
weight-diy weight latios 

As an mdependent check on these results, kidney sections from a fasted 
and fiom a hyperglycemic lat vere stamed foi acid phosphatase by the 
Gomoii technique (5) By limitmg the incubation peiiod to only 7 houi*s 
at 37 5®, it was possible to make a seimquantitative demonstiation by this 
method In Fig 1, A, the tissue from the fasted lat showed only vei}'' 
slight stammg foi ^'phosphatase activity,"' whcieas m Fig 1, 5, the kidney 
section fiom the hyperglycemic animal was stamed veiy heavily 

In Table III we piesent data shovong that phloihizm added tn vitro was 
capable of mhibitmg maikedly both acid and alkalme phosphatase activity 
of lat ladney extiacts The magnitude of the mhibition depended on the 
phlorhizm concentiation In contiast with the findmgs of Beck (4), in our 
experiments the effect was moie pronounced m the pH lange of alkalme 
phosphatase 

Evidence that the mhibitoiy effect of phloihizm on kidney phosphatase 
activity can also be demonstiated in vivo is furnished m Table IV We 
could not demonstiate the effect of the diug when we measuied the activity 
of the dilute kidney homogenates from phloihizimzed lats In the success- 
ful demonstration, the concentiated homogenates pieviously desciibed. 
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Table I 


icid Phosphatase iciivilyf at pH 4 0 to 5 /, per Gm , Wet Weighty of Kidney Tissue in 
2^ Hour-Fasted and Hyperglycemic Rats 


Rat No 

State 

Glucose 

Time of 

Blood 

Ratio wet to dry 

Phosphatase 

dosage* 

anal>sist 

sugar 

weight 

activity^ 



fim 

hrs 

mq per 
100 ml 


ms P per hr 

1 

Fasted 





4 4 

2 

<( 





6 1 

3 

<( 





4 2 

4 

(( 




3 98 

4 2 

5 

fi 





4 6 

G 

n 





6 4 

7 

(( 





5 5 

S 

i i 



95 


3 5 

16§ 

It 





4 6 

17§ 

It 





6 5 

18§ 

It 





4 5 

19§ 

it 





3 5 

20 

ti 





6 8 

21 

tt 





6 1 

22 

tt 





6 8 

23 

tt 





9 1 

24 

tt 





7 1 

25 

ii 





3 6 

27 

tt 



79 


3 8 

28 

tt 



71 


4 1 

29 

tt 



130 

4 36 

5 9 

30 

1 

1 


1 95 

1 3 62 

5 3 

35 

tt 




4 60 


37 

tt 




4 73 


9 

Hyperglycemic 

3 0 

1 00 



8 0 

10 

tt 

3 0 

2 50 



7 3 

11 

tt 

3 0 

2 25 



6 3 

12 

tt 

3 0 

1 75 



9 4 

13 

tt 

3 0 

2 25 



7 0 

14 

tt 

3 0 

4 00 



7 3 

15 

tt 

3 0 

2 00 

160 


11 6 

16§ 

1 1 

3 0 

2 00 



5 4 

17§ 

tt 

3 0 

2 00 


3 21 

7 3 

18§ 

tt 

3 0 

2 00 



6 7 

19§ 

tt 

3 0 

2 00 



6 3 

26 

tt 

1 0 

1 00 



11 2 

31 

tt 

1 0 

1 00 

155 


7 1 

32 

ft 

1 3 

1 50 

197 


7 6 

33 

it 

1 0 

1 50 

236 


8 8 

34 

tt 

1 0 

3 50 



11 9 

46 

it 

1 0 

1 50 

223 

3 97 

10 4 

47 

tt 

3 0 

2 00 


4 18 



66 


PHOSPHATASE AND GDYCOSUREV 


Table I— ConcZucfed 


Rat No 

State 

Glucose 

dosage* 

Time of 
analysist 

Blood 

sugar 

Ratio, wet to dry 
weight 

phosphatase 

acUvityt 



sm 

hrs 

mjf Per 
100 fftl 


mg P per hr 

48 

Hyperglycemic 

1 0 

1 00 


4 29 


49 

ft 

1 0 

1 00 


4 57 


61 


1 0 

2 00 


4 38 


62 

tt 

1 0 

2 00 


4 35 


63 

1 “ 

t ^ ^ 

1 75 


1 4 87 


61 

ft 

1 0 

2 00 


1 27 


Fasted, mean db s B |1 




1 26 ± 0 20 

5 30 ± 0 31 

Hyperglycenuc, mean 

5 E 11 



1 23 =fc 0 16 

8 21 ± 0 4S 


* Total amount of glucose, administered by stomach tube to fasted ammals in a 
50 per cent solution, 2 ml per hour, usually for 3 hours 

t Interval of tunc between the last dose of glucose and nephrectomy 
t Expressed as mg of P liberated in 1 hour from sodium ^-glycerophosphate at 
37 5° This 13 equivalent to Bodansky units (19) 

§ In Rats 16 to 19 umlateral nephrectomy was performed to obtain the values in 
the fasting state, while the analyses after hyperglycemia were earned out 2 weeks 
later on the rcmaimng hy pertrophied kidney 

II Standard error = 1) The value of t (Fisher (18)) for the differ-^ 

ence between the means of fasted and hyperglycemic rats is 5 27 with a probability, 
P, of less than 0 01 that this difference may be attributable to chance 

m which the concentiation of phlorhizin in the final e\tiact ^vas about 
one-fourth its concentiation in the oiiginal kidney tissue, 'were studied 
While values for phosphatase activity on such concentrated homogenates 
'ivere relatively low (compaie the values m Table IV wth those m Tables 
I to III), nevertheless they were leproducible and justified comparison of 
values befoie and after phloihizin Both acid and alkalmo phosphatase 
activities were definitely lower m the phlorhizmized animals than m the 
normal controls Expeiiments weie peifoimed which suggest that the 
mability to detect the action of phloihizm m the dilute homogenates may be 
attributable to the dilution of the diug (and this factor may explam some of 
the discoi dant i esults m the htei atui e) Wlien aliquots of the concentrated 

homogenates fiom the phloiluzmized animals weie diluted 10-fold, they 
then yielded essentially noimal values for phosphatase activity (foi 
example, in Eat 40, Table IV, upon dilution of the homogenate the activ- 
ities of the acid and alkalme phosphatase became, respectively, 5 6 and 45 
mg of P pel houi) Fmthermoie, the inhibitoiy effect of phloihizm on 
phosphatase could be lemoved by dialyzmg homogenates to which the 
(ixua had been added agamst 0 5m NaCl (In one experiment, the actm- 
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ties before and after dialysis weie, respectively, 5 3 and 6 3 mg of P per 
houi for the acid and 17 6 and 20 5 mg of P pei hour for the alkaline 
phosphatase ) The mciease m kidney phosphatase activity, observed 
m normal anmials lendered hypeiglycermc, was also found in phlorhizinized 


Table II 

Alkaline Phosphatase Aciivili/f at pH 9 2 and 8 8,%er Gm , Wet Weighty of Kidney 
Tissue in 24 Hour-Fasied and Hyperglycemic Rats 


Rat ho 

State 

Glucose 

dosage* 

Tune of anal 
ysis* 

pH 

Phosphatase 

activity* 



sm 

hrs 


mg P per hr 

20 

Fasted 



9 2 

51 

21 

(( 



9 2 

37 

22 

It 



9 2 

46 

23 

(( 



9 2 

54 

21 

(( 



9 2 

55 

25 

li 



9 2 

46 

26 

Hyperglycemic 

1 0 


9 2 

100 

34 

tt 

1 0 


9 2 

76 

106 

a 

1 0 

mmm 

9 2 

87 

107 

ti 

1 0 


9 2 

77 

94 

Fasted 



8 3 

21 

95 

ii 



8 3 

18 

96 

it 



8 3 

28 

97 

it 



8 3 

15 

98 

it 



8 3 

21 

99 

it 



8 3 

24 

100 

it 



8 3 

20 

101 

Hyperglycemic 

1 0 

mEm 

8 3 

32 

102 

it 

1 3 

HEI 

8 3 

22 

103 

it 

1 0 

mmm 

8 3 

39 

104 

it 

1 0 

BIH 

8 3 

40 

105 

it 

1 3 

■n 

8 3 

40 

Fasted, mean i s e t 



9 2 

48 1 ± 2 7 





8 3 

22 4 ± 1 7 

Hyperglycemic, mean ± s e f 



9 2 

85 0 ± 5 6 





8 3 

35 8 =i= 4 1 


* See foot-notes to Table I 

t The value of t for the difference bet\\ een the means at pH 9 2 of fasted and hy- 
perglycemic rats IS 6 61, with P = less than 0 01, at pH 8 3 i = 3 38, with P = 0 01 


rats given glucose by stomach tube when the test was performed on the 
dilute homogenates However, when the concentrated homogenates from 
phlorhizmized animals receiving glucose were tested, kidney phosphatase 
activity remamed mhibited 
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Table III 

Phosphatase AcUvUy of Ral Kidney Extracts, at pll 5 0 and 9 2, before and 
after Addition of Phlorhizin to Final Concentration of 0 01 and 0 001 ii 
The results ire expressed in mg of P per hour 



Original phosphatiisc activity 

Phosphatase activity after addition of phlorhizin 

Rat No 



1 0 01 u phlorhizin 

[ 0 001 u phlorhizin 


pH 5 0 

! 

pH 9 '>> 







pH 5 0 

pH 9 2 

pH SO 

1 plI 9 2 

11 

8 9 

53 

G 3 

1 0 



12 

6 0 

29 

1 0 

1 5 



13 

3 8 

21 

1 6 

3 3 



11 

5 0 

21 



3 4 


45 

4 1 

15 



3 4 

w 

Mean 

5 56 

28 4 

3 97 

2 93 

3 10 

1 

1 7 85 

% inhibition of phosphatase* 

10 

91 

25 

62 


♦ Corresponding values for phosphatase activity in the absence and presence of 
phlorhizin ^\ere used to calculate these average values for per cent inhibition 


Table IV 


Acid and Alkaline Phosphatase AcLivily, at pH 5 0 and pH 9 3, of Kidneys from Normal 

and Phlorhiziiuzcd Rats 


Rat No 

State 

Phosphatase activity 



pH 5 0 

pH 9 2 



mg P per hr 

mg P per hr 

35 

Normal (fed) 

0 62 

8 7 

36 

It 

1 21 

10 3 

37 

ft ti 

1 

0 81 1 

8 5 

94 

a tt 

1 50 


95 

tt tt 

0 81 


38 

, Phlorhizinized* 

0 69 

6 9 

39 

tc 

0 29 

i 3 4 

40 

It 

0 75 

1 6 1 

Normal, mean d: s e t 

0 99 ± 0 16 

9 17 zir 0 57 

Phlorhizimzed, mean ch s e f 

0 58 d= 0 14 

5 47 it 1 06 


* Phlorhizin in oil administered subcutaneously for 3 days The dose was 140 
mg per lalo per day Urine D N ratios of the phlorhizimzed rats averaged 4 3 1 
t In the case of the mean values for acid phosphatase, t = 2 93 and P = less than 
0 02, nhile for the alkaline phosphatase means, t = 2 78 and P = less than 0 05 

The data m Table V suggest that the concentration of adenosine tii- 
phosphate does not play a determining idle m the phenomenon of renal 
threshold for glucose There was no difference m the ATP content of 




















J B iURSH AND D L DRABKIN 


69 


Table V 


Icfcnosinc Triphosphate Content per 100 Gni , Wet Weighty of Kidney Tissue in 2^ 
II our FasUdf Hyperglyecniic (Given 1 Gm of Glucose in 50 Per Cent 
Solution) j and Phlorhizinized Rats 


Rat No 

State 

Tune of analysis* 

Adenosine triphosphate 
contentf 

2S 

Fasted 

hrs 

mg P per 100 gm 

3 7 

29 

it 


9 1 

50 

If 


5 7 

51 



7 7 

52 

ft 


6 5 

53 

ft 


5 8 

54 

it 


5 5 

55 

if 


11 0 

56 

ft 


6 5 

57 

ft 


10 3 

58 

tf 


10 1 

59 

ft 


7 9 

60 

ft 


8 5 

61 

Hyperglycemic 

2 00 

9 8 

62 

ft 

2 00 

5 6 

63 

ft 

1 75 

9 7 

64 

ft 

2 00 

10 0 

65 

ft 

2 00 

8 1 

66 

ft 

1 00 

3 9 

67 

ft 

2 00 

11 4 

68 

ft 

1 00 

4 8 

69 

ft 

1 00 

6 3 

70 

ft 

1 00 

5 4 

39 

Phlorhizimzedf 


7 1 

40 

ft 


6 3 

71 

ft 


11 1 

72 

ft 


11 8 

73 

ft 


11 5 

74 

it 


6 4 

75 

it 


15 7 

76 

it 


6 8 

Fasted, mean dh 

S E 


7 56 ± 0 61 

Hyperglycemic, mean ± s E 


7 50 ± 0 83 

Phlorhizimzed, 

it I It 


9 59 it 1 22 


* Interval of time between the dose of glucose and nephrectomy 
t Expressed as mg of P liberated per 100 gm , wet weight, of tissue by 7 minutes 
of hydrolysis in 1 n H2SO4 at 100° 
t See foot-notes to Table IV 

kidneys from fasted and hyperglycenuc rats, while ATP of kidney appeared 
to be sbghtly mcreased m the phlorhizinized rats 









Table^VI 

PhoB'phorylaiton and Oxygen Consurnptton tn Kidney Bomogcnales from 2i 
Hout-F asted and Hyperglycemic Rais 


Rat No 

State 

Glucose 

dosage* 

Time of 
analysis! 

Phosphor! lationj 

0o,5 



rw 

hrs 

wr P Per SO mxn 

micToUtefs per 






per hr 

77 

Fasted 



-5 0 

3 0 

7S 

li 



-2 1 

5 9 

79 

ii 



-1 5 

1 5 

SO 

iS 



— 1 5 

2 6 

81 

<( 



-1 8 

2 3 

82 

tl 



-0 i 

3 2 

83 

if 



0 0 

5 4 

84 

tt 



-1 1 

G 4 

85' 

It 



-0 1 

5 1 

86 

it 



-0 2 

1 2 

87 

ti 



-0 7 

3 0 

88 

Hyperglycemic 

1 75 

i 25 

-2 0 

2 7 

89 

<4 

1 25 

1 00 

-1 0 

3 6 

90 

(( 

1 25 

1 00 

1 1 

3 5 

91 

tt 

1 00 

1 00 

3 1 

1 3 

92 

It 

1 00 

1 00 

0 0 

5 7 

Fasted, mean ifc s e || 



-1 3i ± 0 42 

4 14 ± 0 45 

Hyperglycemic, mean ± s e 

11 


0 24 ± 0 88 

3 95 ± 0 SO 


* Total amount of glucose, administered by stomacli tube in a 50 per cent solution 
t Interval of time between the dose of glucose and nephrectomy 
X Expressed is decrease (negative sign) of inorgamc piiosphatc in mg per gm , 
wet weight, of kidney tissue per 30 minutes at 38 3° in an atmosphere of pure oxygen 
§ Oxygen consumption per wet weight of tissue 

II The value of I for the difference in means for phosphor^ lation in the f isted and 
hyperglycemic rats is 3 02, with P = less than 0 01 

Table VII 


Phosphorylation and Oxygen Consumption in Rat Kidney Homogenates before and 

after Addition of Phosphatase 


Rat No 

1 

Phosphatase added* 

Phosphorylation t 

Qo.t 


mg 

mg P per 30 min 

micro! tiers per mg per hr 

86 ! 

0 0 

-0 20 

4 2 


2 0 

0 55 

2 3 

87 

0 0 

-0 70 

3 0 


1 0 

0 00 

2 5 

93 

0 0 

' -0 63 

4 2 


1 0 

1 -0 45 

2 4 


2 0 

1 -0 25 

2 3 


* A solution containing 10 mg of phosphatase pow der (20) per ml of 0 01 m 
NaOH w as used 1 mg of this phosphatase preparation produced a 62 per cent in- 
crease in the alkaline phosphatase activity of the onginal homogenate 


t See foot-notes to Table VI 
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Under the conditions of our experiments (Table VI), the average de- 
crease of morganic phosphate (as a measuie of the phosphorylation process 
(16)) m fasted rat Icidney homogenates was 1 3 mg of P per gm of tissue 
pel 30 minutes, wliile m thiee out of five hypeiglycemia experiments either 
no decrease or an mcrease m the morganic phosphate was foimd This 
findmg could suggest that theie was some inhibition of phosphorylation m 
the kidney homogenates from the hyperglycemic rats The oxygen con- 
sumption of the kidney homogenates from the hyperglycemic animals 
vas not appieciably lowei than that from the fasted animals (Table VI) 

Smce m hyperglycemia there vas an mcrease m phosphatase activity 
(Tables I and II) which might be responsible for the above apparent 
decrease m phosphorylation, various unsuccessful attempts were made 
to mhibit specifically the phosphatase activity without simultaneous 
inhibition of the phosphorylation process The effect of mcreasmg the 
phosphatase activity by the addition to kidney homogenates from normal 
fasted rats of an active preparation of beef kidney phosphatase (20) was, 
therefore, studied In such experiments, reported m Table VII, a marked 
mhibition of both phosphorylation and oxygen consumption was demon- 
strated foUowmg the addition of phosphatase 

DISCUSSION 

In our experiments the phosphatase mechanism has been definitely 
imphcated m the renal reabsorption of glucose However, we have been 
unable to exclude the possibihty that the phosphorylation process is also 
mvolved It is mdeed hkely that a type of homeostasis may exist between 
phosphorylation and dephosphorylation A separation of the two processes 
was not possible m oui expenments which suggest that an mcrease m 
phosphatase activity may produce a relative inhibition of the phosphorylat- 
mg system 

A consideration 6f our experimental results, which mdicate that ah- 
mentaiy hyperglycemia induces an mcrease m kidney phosphatase activity, 
leads us to propose the followmg hypothesis The renal threshold for 
glucose IS at least m part an expression of the hmit to which phosphatase 
activity can be raised Beyond this hrrnt, tubular reabsorption is mcom- 
plete, and spillage of sugar mto urme takes place In this view, renal 
threshold for glucose (and probably for other threshold unnary con- 
stituents) becomes a dynamic function, under enz 3 amc control 

Our demonstration that phlorhizm inhibits phosphatase activity both 
27 ? Vitro and z?i vivo lends support to the above hypothesis of the role of 
phosphatase m glycosuna Our expenments with phlorhizm are consonant 
with Lundsgaard^s origmal concept (2) of the action of phlorhizm, and go 
materially beyond the findmgs of Beck (4) m this cormection We beheve 
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that t^\o factors aie largely losponsiblc for the piesent successful dem- 
onstiation of the effect of phloihuiu on both acid and alkaline phos- 
phatase (a) the piepaiatioii of moic actue e\tiacts of kidney thiui those 
obtained by Beck (1), and (6) the use of conccntiated kidney homogenates 
Even m the case of the 1 ittei, m ^\hlch phosphatase activities are lelatuely 
low, they aie of sinular or lughci magnitude than those obtamed by Beck 

The hypothesis which has been proposed foi the leabsoiption ot glucose 
from the glomeiulai filtiate is consonant with curient vle^^s upon the 
homeostatic control of blcod and tissue sugar levels (21), and may thus 
have geneial applicability Peitment ui this connection is the finding (22) 
that m glycogen disease the mci eased deposition of glycogen, accompanied 
by hypoglycemia, is associated with deci cased alkalme phosphatase ac- 
tivity of the hvei Thus, vhen hvci phosphatase activity is low, blood 
sugar cannot be produced m adequate amount, although glycogen is avail- 
able In an analogous way, when kidney phosphatase activity is insuffi- 
cient, an adequate tiansfer of glucose to blood fiom the glomerular filtiate 
IS not possible It is also of interest that Bodansky (19) has leported 
an mciease m seium alkaline phosphatase activity after the administiation 
of caibohydratc 

The mciease m phosphatase activity following induced hyperglycemia is 
of mteiest m itself It is stiikmg that m lelatively brief periods of time 
such mcreases m enzyme activity could occm At piesent no satisfactory 
explanation for this phenomenon is available 

SUMMARY 

A modified method, by which active e\tiacts aie obtamed, has been 
developed for the quantitative measurement of kidney phosphatase 
activity 

The followmg findings have been made 

1 Induced alimentary hyperglycemia was found t6 be accompanied by 
mcreased acid and alkaline kidney phosphatase activities The mci eases 
were, respectively, 55 and 70 per cent 

2 The mhibition of both acid and alkahne kidney phosphatase activities 
by phlorlnzm has been demonstiated in vivo as well as in vilio 0 01 m 
phloihizm produced an mhibition of 40 per cent in acid and 91 pei cent 
m alkalme phosphatase activity 

3 The adenosme tiiphosphate content was of the same magnitude m the 
ladney tissue fiom fasted and hyperglycemic lats 

4 An mhibitoiy effect upon phosphoiylation and oxygen consumption, 
due to mci eased dephosphor^dation, was demonstiated m experiments in 
which phosphatase activity was mcreased by means of the addition of a 
pieparation of the enzyme to kidney homogenates 
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The probable significance of the findings has been discussed with reference 
to the r61e of phosphatase in the tubular reabsorption of glucose It has 
been postulated that the phenomenon of lenal threshold for glucose is 
at least in pait an expiession of the limit to which Icidney phosphatase 
activity can be raised 
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EXPLANATION OF PLATE 1 

Fig 1 Eadney sections from fasted (A) and hyperglycemic (B) rats, stained by 
Gomori’s technique (5) for acid phosphatase activity, incubation penod 7 hours at 
37 5° X 65 




EMjMUNOLOGICAL reactions between films of 
iVNTIGEN iVND ANTIBODY MOLECULES 
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(Received for publication, October 17, 1946) 

The fundamental nature of the reactions between antigen and antibody 
molecules is far from bemg imderstood m spite of a tremendous amount 
'‘Of accumulated experimental data A number of theories have been 
proposed on the basis of the available experimental evidence Some of 
the facts, however, which were used m support of a given theory could as 
well have been used to justify a different point of view 

The immunological theories proposed so far can roughly be classified 
mto two mam groups which, at first sight, would seem incompatible with 
each other Bordet, a representative of the first group, mamtamed that 
antigen and antibody molecules combine m continuous proportions More 
recent authors, who belong to the second group, assume that immimo- 
logical reactions are nothmg more than ordinaiy chemical reactions, and 
that combmations, therefoie, occur m definite multiple proportions It 
will become apparent from the present immunological mvestigation that it 
seems difficult if not impossible to harmonize the presented facts with 
this latter pomt of view 

The aim of this study was to mvestigate the conditions under which 
an antigen, when it is present as a monomolecular layer on a metal slide, 
^vlll attach specifically homologous antibody molecules It can be shown 
readily that a film of antigen deposited on a metal shde ^vill adsoib a definite 
thickness of homologous antibody molecules when brought mto contact 
with a solution of the latter (1) Thus a specific force of some kmd is 
easily demonstrated It was only logical to raise the question of just how 
far such a force would extend The possible use of mert fihn barriers whose 
exact thickness could be measured readily appeared to offei a unique way of 
mvestigatmg this question A most stnkmg phenomenon was quickly 
brought to hght It was found that up to a certam thickness the mter- 
venmg screen or barrier did not altogether suppress a specific mteraction 
between antigenic films and antibody molecules From these new facts 
it would appear that the old coUoidal view of Bordet is justified in part for 
the mterpretation of the mechanism of immunological leactions The 
proponents of the chemical theories may have gone too far m the opposite 
direction, and it may turn out m the end that both view-pomts can be 
looked upon as hmitmg cases of a more general theory 
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Procedure 

The expenmcntTl piocccluie consisted in spreading films of antigen 
at an aii-A\atei uiteiphabC and then tiansfeiung them on metal slides 
accoidmg to the method of Blodgett and Langmuir (2) AMien a solution 
of homologous antiseium \\as biought into immediate contact with the 
shde, the tiuckncss of the adsoibed la^ci, measuied iftei washing and 
drymg, coi responded to the amount of autibod} molecules immobihzed 
on the antigenic films The mam object of this study was to investigate 
the effect on the mimunological reaction of mter\ening baiiieis of inert 
material deposited on the antigenic films 

Smee all out deductions aie based on mcasuiements of thickness of films 
and adsorbed lasers, the tcclmique in\ohed m this t^pe of measuiement 
wall be first leviewed 

Film thicknesses weie deteimmed optically The^ were obtamed b} 
measurmg the change that takes place m the ellipticity of polaiized light 
reflected fiom a polished stamless steel slide aftei it h id been coated with 
films under mvestigation Thib wus accomplished watli the help of an 
apparatus lecentl}'' described, called the “ellipsometci ” (3), a difiercutial 
mstrument based on the half shadow^ prmciple The Inlf shidow' is 
obtamed by co\eimg a clean polished metal shde with one, two, oi moic 
leference films, and the lowei half of the slide with two additional layei*s 
The refeience films used weie eithei barium steaiate or octadec} lannne 
Smee the difieience m thickness of the films co\ermg the uppei and lowei 
halves of the slide is 49 A, the difieience m elhpticit> of the light leflected 
from these tw^o half fields is such that both hahes of the slide appear of 
unequal mtensity when viewed thzough a quartei wave-length plate and 
analyzer propeily oiiented The measuiement consists in lotating the 
analyzer until both hahes of the ‘^^hde aic m itched This position of the 
analyzei gives the zeio leadmg foi the paiticulai slide *111 slides aie 
coveied wth such an optical gage and the zero leadmg is taken before 
films of unknowox thiclcness can be measuied These need to be deposited 
on the cential pait of the slide only, wlieie the chiading Ime between the 
upper and the low^ei pait is located Tins added la 3 ^ei changes the ellip- 
ticity and oiientation of the ellipses coiiespondmg to both half holds, which 
then become unequal in mtensity Equal mteiisit}'' can be lestoied b}’' 
rotatmg the analyzei , wdiose angle of lotation is a measuie of the thickness 
of the film The technique is compaiable to that used m polaiimetiy 

For routine measuiement s calibiation cun es, as preiaously desciibed (3), 
w^eie found most useful Inciements m tbicloiess aie chaiacteiized by 
lotations in one diiection and deciements by lotation in the opposite 
duection The sensitivity of the appaiatus peimits determmation of an 
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oplu il thukiu^s \\i(hm rhO 3 V Iho ihsoluto thickness depends on the 
kno\\lulj;e of the leh utni inde\ of the (ilm^ Iwo indices aie needed if 
(he film*' lie ui^titiopu In dl the me isnu meiits icpoited in this aiticle 
the iNMiinption w is mule tint lilms md uhoihed kijeis ha^e the same 
lefi letne index is h n mm ste u ite {Ui^ = 1 105) Ihc difieience beti\een 
the \ lines of tlie uh nine index ol piotcins and buium steaiate is not 
hrj;( enouj!;li to intiodme m\ sonou*- nioi In my case it would not 
ifl( ( t the u I it i\ e thu kiu ^s oi t he 1 1 \ eis upon which the piesent consideia- 
tioiis ue b i''td It niij^ht be ^ ud that foi in angle of incidence of 69 2°, 
at which the me isuumeiits wcic made, md foi the lange of thicknesses 
coimdeied, the ulded 1 i>cis itiect m uiily the phase diffeience of the com- 
ponents OP \ \h\ iting m the pi me ot incidence and OS vibiatmg peipen- 
diculai to the pi me of incidence (3) and to a lessei degiee then lelatne 
nngnitude Foi i gi\cn ingle of incidence the phase shift A is gi\en by 
the cqu ition A = — l(l — (l/n'))i, wheie A is a constant, the lefiactne 
mdex, md I the thickness of the la>er (4) It is therefoie appaient that a 
ch mge m the icfi ictn e index from 1 50 to 1 55 ivill bring about a difieience 
of 0 pel cent only m the coucbpondmg phase shift and consequently m the 
thickness of the films 

The prcpaiation of the optical gages on the metal slides has been dis- 
cussed elscw here (3) 

The assumption made m the measurement of deposited layeis is that the 
thickness is the same on the uppei and lowei paits of the slide This 
seems alwa 3 '^s to be the case with films tiansfeired onto a shde fxom a 
liquid Intel phase On the othei hand, when molecules aie adsoibed on a 
slide, the amount adsoibed on one monolayei of lefeience film is not 
necessarily the same as on thiee layei’S To test this possibihty many 
expel iments weie earned out with optical gages made of one and thiee, 
as well as two and foui, and thiee and five, layers of lefeience films In 
all cases the lesults obtamed weie mdependent of the numbei of Ia 3 ^eis 
of the optical gage, except possibly m one case which is discussed later 
It is of inteiest to note that slides covered wth baiium steaiate aie diy 
when emeiging fiom the tiay, wheieas they aie w^et w^hen coated wath 

octadecylamme 

SpieadiTuj of Antigen Films — Films of antigen weie foimed by spreading 
a diop (~0 02 cc ) of an aqueous solution of the antigen on the surface of a 
clean Adam-Langmuii tiough filled wath twee distilled watei Two 
tioughs made of Plexiglas w^ere used, one 50 X 14 cm and the othei 
30 X 13 cm 

The concentration of the antigen solution was such as to allow the 
coveimg of thiee-fouiths of the suiface of the tiough at zeio pressure 
3 mmutes aftei spieadmg, the films W'^ere compressed to 8 oi 9 d 3 Ties and 
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tiansfeued to the metal slides feuiface piesaiue \\a^ measuied bj the 
veitical pull method (5) The antigemt films could be tumsfeired to foui 
01 five slides at one time b}" means of a special st md, a photogiaph of 
which can be seen m Fig 1 The knob K, ishich determmes the ceitical 
motion of the slides, caiiies a scale to faciht ite the contiol of the depth to 
which the slides aic immei'sed One monolaj^er of mitigenic him cm be 
tiansfeued eithei by immcising the slide into the tiaj' befoie the piotem 
has been spiead (the S 3 miboI T is used to denote this operation) oi by 
lemoiTug the film fiom the suiface of the tiough iftei the slide has been 
immeised (symbol | ) It is found eisy to tiansfer two monolajei-s of 
most pioteins blowecei, it was difficult to deposit more than two lajem 



Fig 1 Stand for film transfer on five slides simult ineously 

on an optical gage of barium steaiate In the case of bo-c me albumm, foi 
instance, it was impossible to tiansfei tliiee oi moie double laj^eis of the 
film Howevei, it was found that if the slides coceied with an optical 
gage of barium steaiate were hist conditioned wath a solution of uianyl 
acetate (6) many double layem could be deposited without chfficult-\ 
This is accoimted foi by the fact that the ffi-st anchoied molecules weie so 
stiongly polaiized that they polaiized m turn the molecules deposited on 
top, md so on along the successive layeis This polaiization inci eases the 
bondmg eneigy of the successive layeis, which becomes stiong enough to 
pievent the top layeis fiom shpping back onto the watei suiface when the 
slides aie taken out of the tiough Thiclmess measuiements demonstiated 
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thit the intigcnic films consisted of completely unfolded molecules, smee 
the thickness pci monola^ei wis found consistently between 8 and 9 A 
iftci ti insfci undei S dynes of picssiiic 
The conditioning solution of uian^d acetate (7) was made up of equal 
paiti3, mixed just befoic use, of a 10“^ m solution of luanyl acetate and a 
\eion il buftei, 0 02 m, pll about 7 The pll of the mixtuie was about 6 6 
The plitcs \\eic A\ettcd by such conditionmg as long as the pH stayed 
^\lthm 5 5 to 7 5 The conchtionmg ^\as accomplished by coveimg the 
slide foi 3 mmutes ^Mth appioximatel}'' 1 cc of the solution, aftei which the 
plate \\as \\ ashed with ledistilled w^ater and diied The mciease m optical 
thickness lesultmg fiom conditionmg w^as A 

Deposition of So cens — The scieens consisted of layers of baiium steal ate, 
octadecylamme, piotein multila3^ei3, and Foimvai, which accoidmg to the 
manufactuiei is a pol^wnnyl foimal lesm wath an aveiage moleculai weight 
of 13,000 to 15,000 Baiium steal ate and octadecylamme scieens weie 
foimed m the same way as the optical gages It is of mteiest to mention 
that when a double lajei of baiium steal ate was deposited on one oi two 
monolayeis of piotem the slide came out wet, a film of watei bemg squeezed 
m betw^een the two layeis After diymg, the shde was hydiophobic On 
the othei hand, if the shde had been conditioned before the tiansfer of the 
piotem films, it came out diy aftei the deposition of the double layer of 
baiium steal ate The deposition of the scieen w^as made at room tempera- 
ture It was obseived that baiium steal ate scieens could not be deposited 
legularly on a double layer of egg albumm at a temperature above 25°, 
but the deposition pioceeded easily at 20° This temperature effect de- 
pends partly on the piotem, smee stearate scieens could be deposited above 
25° on a double layei of bovme albumin 
The protein screens were made m the mannei described for the tiansfer 
of antigenic films One essential condition m the choice of the substance 
IS that theie is no cioss-ieaction mth the particular antiserum 

Formvar screens weie formed by smearmg a drop of an ethylene di- 
chloiide solution on the shde, which was then allow^ed to dry m a vertical 
position By usmg drops of the same size it w^as found that the thickness 
of the scieen was roughly piopoitional to the concentration used For 
mstance, a solution of 0 1 pei cent gave a scieen of about 150 A In a few 
cases the Foimvar films weie made on clean microscope slides If, after 
evaporation of the solvent, the shdes were quickly plunged mto a dish 
filled ivith w’’ater, the films could be detached and floated on the suilace 
They could then be transfeiied on protem-coated metal shdes m two w^ays, 
either by loweimg the shde face down into the surface or by dippmg the 
slide mto the dish under the film and hftmg it In the first method the 
slides w^eie dry when the film was picked up, m the second they were wet 
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With a layei of water between slide and Formvar film After drymg, the 
shde became hydrophobic 

Reachon with Antisera — iUl seia were diluted 1 10 ivith phosphate 
buffer of pH 7 05 (0 825 gm of NaOH and 3 45 gm of KHjPOj per liter), 
contammg 0 9 pei cent NaCl A chop of such diluted seium was smeared 
on the shdes to be tested (wth oi -without scieen) and left there 10 minutes 
before washmg For the adsorption penod the slides weie placed m 
horizontal test-tubes contammg a piece of wet absoibmg cotton to prevent 
the drymg of the shdes At room temperature the reaction proceeded 
extremely rapidly and was nearly completed m 2 to 3 mmutes 

Washing — The shdes were washed ivith w'atei aftei the deposition of the 
antigenic layers They w ei e w ashed after aclsoi ption of the serum with the 
sahne phosphate solution used for the dilution of the serum and then with 
redistilled water 

Reproducibihty of the results was found to depend m some measuie on 
imiform washmg Therefore in washmg, the shdes weie held m clamps 
attached at about 20° fiom the vertical position to a movable rack and 
could be brought into contact in turn with the tips of two special 15 cc 
pipettes, the design of which can be seen m Fig 2 The flattened end of 
the pipettes was 2 cm X 0 1 cm It required about 3 seconds for them 
to empty As it appears from the draivmg, the pipettes weie automati- 
cally filled each tune to the same level The temperatuie of the washmg 
solutions was found to be of no importance as long as it chd not go much 
above 20° The bottles contammg the stock solutions w'ere kept m a tank 
cooled with runnmg watei or ice 

Systems Investigated — Experiments were carried out wath the folloivmg 
antigens ciystaUme egg albumm, crystalhne bovme albumm, polysac- 
charide from pneumococcus type III, and crystalhne feriitm and apo- 
feiiitm Rabbit immune seia weie used exclusively ^ 

Beprodumbility of Results — Geneially the amount of specifically adsoibed 
antibody, wath oi without screen, could be lepioduced -withm 10 pei cent 
Thus when thick layeis of antibodies were adsorbed, the vaiiations were 
well above the limit of sensitivity of the elhpsometer The causes of the 
variations have not as yet all been traced For mstance, it was established 
m the case of films of bovme albumm that the amoimt of adsorbed antibody 
was consistently larger by 10 pei cent when the films had been spiead on 

1 1 am greatly indebted to Dr Bacon F Chow of The Squibb Institute for Medical 
Research, New Brunswick, New' Jersey, for a supply of bovine albumin and antisera, 
to my colleagues at the Rockefeller Institute, Dr O T Avery and Dr M McCarty, 

for some rabbit antipneumococcus sera, to Dr M W Chase for the anti-egg albumin 

sera, to Dr W F Goebel for the polysaccharide type III, and to Dr S Granick for 
a supply of ferntin, apoferritin, and homologous antisera 
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water redistilled fiom a quartz still than when spread on distilled water 
from a commercial still, tm-hned 

]\Iost of the data are piesented giaplncally The pomts of all the 
curves lepresent average values obtamed fiom five to fifteen similai experi- 
ments, all fallmg ^\lthln 10 pei cent When the scattermg was larger, 
smgle experiments have been mdicated on the graph Fmally, all the 
data reported have been obtamed with a smgle antiseium for each antigen 
This was done to ehmmate individual variation from serum to seiiim It 
should be said that numerous expeiiments were made wth sera from 
different rabbits which gave comparable results 



Fig 2 Constant volume delivery pipette Hole A is closed when filling the 
pipette, B IS closed when emptying the pipette with the aid of rubber bulb R 

Egg Albwmn-Anti-Egg Albumin Rabbit Serum — Many experiments mth 
this system were published m a preceding article (1) which showed that 
an imfolded film of egg albumin was still capable of reactmg specifically 
wth an immune serum Data obtained m dealmg with the screenmg 
action of barium stearate have been condensed m Table I Experiments 
were cairied out with one double layer of egg albumm, although the num- 
ber of layers of this spread antigen had no mfluence on the amount of 
antibody specifically adsorbed durmg subsequent treatment with an im- 
mune seiaim The mode of deposition of the layers, | or T , as well as the 
conditionmg of the shde with uranyl acetate solution did not alter the 
results 

A study of Table I reveals that a specific fixation of antibody occurs. 
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notmthstandmg an mtenenuig screen of four lasers of baiium stearate 
It also shows that a heterologous seruni deposited direct Ij on the antigenic 
film 01 on a screen of one monolajci of baiium steal ate does not bun 
about any non-specific increment in thickness IIowe\ei, thcie occurred 
small non-specific fixation which mciea^cd with each additional la^ei of 
stearate until it reached the \alue of 15 A, which is also the uiciemcnt 
observed upon treatment of a slide co\eied with a steal ate la^ei without 
any miderlymg piotein film In this connection the follow mg geneiahza- 
tion can be foimulatcd 

A slide co\eied wath baiium -^^tearate layers exhibits an mciease of 15 to 
20 A aftei treatment wath any dilute seium No increase is obser\ed if 
preMOUS to the treatment a double lajei of a protein has been tiansfeiied 
to the slide In othei woids, 15 to 20 A arc the maximum non-specific 

Fuji c I 


Screening iclion of Bantitn Sicaraic on One Double Larjir of Egtj {Ibuvun oi Boluu, 
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thickness of film which can be adsoibed diiectl}^ on a slide co\eied with 
layers of baiium steal ate 

A curious obseivation was made m studying the eftect of undeilymg 
layeis on the reactivity of egg albumm films, an obsenation which has its 
coimteipart, as wall be seen latei, m the bo\ane albumin system The 
tiuckness of specifically adsoibed anti-egg antibod} was diminished b} 
half (12 A instead of 26 A) if the monolaj ei of egg albumin was deposited 
on a slide ahead}'' coveied with a monola} ei of bo\ me albumm The same 
specific mciement of 12 A was obseived if the oidei of deposition of the 
transfer led layeis w^as alteied 

Expel iments wDie also made m which egg albumin molecules weie 
adsorbed diiectly onto the slide mstead of being tiansfeiied fiom a watei 
mtei phase This was done simply by smeaung a diop of dilute solution 
of tins protem on a slide coated wath an optical gage The adsoiption 
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took place \cij 1 ipiclly, since the same lesults ^^ele obtained ^\hether the 
solution \\ lb kept 5 seconds oi 3 minutes on the slide The slides weie 
washed wath watei only, since the phosphate-salme bulTer lemoved the 
adsoibcd molecules The thicluiess of the adsoibed layer of egg albumin 
w IS 20 V, ind thcic w is an aveiage specific inclement of 70 A, ivith con- 
bidci ible scatteimg, following tieatment wath an immune serum In a 
senes of twenty expeiiments the lalues found fell witliin the range of 55 to 
9i A When the adsoiption of the egg albumm molecules took place on a 
slide conditioned with uianyl acetate, the appaient thickness of the 
adsoibed intigen was the same but the aveiage mciement of antibodies 
was 100 A, the scattei ing coveimg the lange 82 to 120 A in ten experiments 
No mcie ise was obser\ ed on tieatment with an antibovme albumm serum 
With an intei\enmg scieen of one double la 3 ^ei of baiium stearate the 
inclement m antibodies chopped to ~30 A 

These lesults demonstiate that unleafing the egg albumin molecules at 
the w^atei intei phase i educes consideiably the subsequent mteraction with 
antibodies The thickness pc? se of the egg albumin layers is not an influ- 
ential fact 01 , smee many piled up layeis of egg albumin did not exhibit the 
leactivity of the adsoibed molecules 

Boiine Albujmii Fthns-Anitbooine Albumin Rabbit Serum — The bulk of 
oui data deals mth this system because of an mteiestmg property chaiac- 
teiistic of this s^^stem which permitted the extension of the scope of the 
mvestigation It was found that the thickness of the specifically adsorbed 
antibody la 3 ''eis inci eased hneaily with the number of underl 3 ang films of 
bovme albumm up to four double la 3 ’'eis This is m diiect contrast to the 
lesults found m the case of egg albumm and othei systems such as 
metakentiin-antimetakentiin (8) As m the egg albumin system, the 
mode of deposition of one monolayer, | oi t > b^^d no mfluence on its 
leactivity The uianyl acetate conditionmg of a shde already coated 
with multilayeis of bovme albumm deci eased maikedly the amount of 
antibody which could subsequently be adsorbed As aheady mentioned, 
conditionmg mci eased the optical thickness by 8 to 10 A When a few mono- 
layeisof antigenic film aie transfeiied to a shde, the uranyl acetate treatment 
can be applied at different stages of the deposition of the monolayers The 
mfluence of the various possibilities on the immunological reaction has 
been summanzed m the cunes of Fig 3 In these experiments, all shdes 
weie coveied vath an optical gage of tw^o and foui monola 3 ’’ei's of baiium 
steal ate and then conditioned with uianyl acetate Followmg this they 
weie coated either with N monolayers of bovme albumm (Curve A), or 
with N monolayeis of bovme albumm with one conditionmg treatment 
between successive monolayeis (Curve B), or wath N monolayem of bovme 
albumm and one conditionmg applied on top of the monolayer last de- 
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posited (Curve C), or with N monolayeis of bo\ane albumin with one 
conditionmg ticatment between successive monolajers and one last 
conditionmg on top of the layer last deposited (Cui\e D) The most 
strikmg effect is the dcciease from 230 to 125 A in the antibody adsorbed, 
brought about by one conditionmg of a slide coated with eight successne 
monolayeis (Curves A and C), w^hcieas the leactivity of one double lajer 
IS not maiLedly unpaiied by conditioning 



Fig 3 Effect on the amount of specific illy adsorbed intibody after the deposited 
antigenic layers have been conditioned iMth uran>l acetate Bov stands for one 
bovine albumin monolayer and U for one conditioning treatment 

The screenmg action of layers of barium stearate on one, two, and tluee 
double layers of bovine albumin is lepiesented hy Cur\es A, B, and C, 
respectively, m Fig 4- w^hich demonstiate that theie is no appieciable 
specific adsoiption when a screen of three double Iayei*s of stearate (Ido A) 

2 Preliminary results published m a previous note (6), obtained under slighd> 
different conditions, gave somewhat smaller amounts of specifically adsorbed an 
body 
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co\crs one double Ia>ci of bo\me albumin (Curve A), whereas there is an 
mciemcut of about 15 V when a siinilai screen or one of octadecylamme or 



Thickness of screen in A 

Fig 4 Screening action of barium stearate, octadecylamme, and Formvar films 
on one, two, and three double layers of bovine albumin (Curves A, B, and C) deposited 
on a conditioned optical gage of two and four layers of barium stearate Thicknesses 
of the layers of adsorbed antibody are true specific mcrements Ison-speci c in- 
creases varying from 0 to 15 A, depending on the thickness of ^e screen, were sub- 
tracted from the experimental values The symbols Bov , ov 4'l 

IT It stand for one, two, and three deposited double layers of bovine albumin 

Formvar of the same thickness is deposited on three double layers of 
albumin (Cuive C) 
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The amount of scatteiing among the data does not allow precise cuives 
to be drawTi, but as a lust approximation it can be said that the amount of 
adsorbed antibody decieases lineaily with the mcrease m thickness of the 
screen It is e\udent fiom Cuive C of Fig 4 that the efficiency of the three 
kmds of screens tested depended mainly on then thickness and veiy httle 
if at all on their cheimcal nature It should be i emembered, how ei ei , that 
the fabnc of all three scieens is constituted m the mam by C — C and 
C — H bonds We plan to mAcstigate the scieenmg action of metal films 
whose conductive properties put them m an entuely different categoiy 


'lADLb II 

Screening Effect of Monola7jers of Egg Albumin on Lagers of Bovine ilbumtn 
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Table III 

Influence of Underlying Layers of Egg Albumin on Rcactiiitg of Bonne llbumin Layers 


Increase in Angstrom units, after adsorption of antibovine albumin serum for 5 mm 
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48 

90 

92 

SS 
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135 


0 and B stand for egg and bovine albumin, respectivel> Symbols | and j 
indicate the mode of deposition of one layer The values m this table are con- 
sistently smaller than those in Table I, since the tune of adsorption w os 5 minutes 
instead of 10 minutes 

The amount of adsorbed antibody with screens made of tiansfeiied egg 
albumin layers also diminishes Imeaily with the mciea‘=^e m thickness of the 
screen, as is shown m Table II 

All the data piesented so fai ha\e been obtamed wth antigenic layem 
deposited on shdes coveied with a conditioned optical gage of tw^o and four 
layers of stearate It was obseived that if bo\Tne albumm lajei-s weie 
transferied to conditioned slides coated wnth one monolayei of egg albumm 
the subsequent mciement of antibody was largei than wdien the egg 
albumm layer was not piesent The results obtamed with different 
possible combmations aie presented m Table III It appeai-s from the 
data that an undeilymg egg albumm layer has an influence on the leactmty 
not only of the layer directly above but also on the next one, since the 
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amount acisoibed on OjtiJlT is nearly twice as large as that on 
0 T ^ T 01 0 it 5 t (0 = ovalbumm, B = bovine albumin) 

Influence of Tcnijiei atw e on Adsoiplion — The thickness of the layers of 
antibody adsoibed withm a given time is diminished by lowermg the 
tempeiatuie In 5 mmutes the amount adsorbed at 5° was about 80 per 
cent that adsoibed at room tempeiature (ci-25°), regardless of the pattern 
of the antigenic films Compaiable data were obtamed mth the systems 
[Bit], it stearate it], and [B( if ) 3 ] The data show that the main 
factor involved is the diffusion of the antibody molecules dissolved m the 
liquid phase, mto the surface of the slide 

The mfluence of the time of contact of the immune serum with the screen 
was investigated It was found that no additional mcrease in antibody 
took place aftei a peiiod of 10 minutes For mstance, the sam*e value of 
72 A (specific mcrease) was observed after 10 minutes or after 40 mmutes 
m the case of three double layeis coated with a scieen of Formvar 110 A 
thick 

Polysaccharide from Pneumococcus Type III and Antiserum — In this case, 
the antigen could not be spread at a water interphase but was easily ad- 
sorbed on a shde Drops of a 0 04 to 0 02 per cent solution of polysac- 
charide weie smeared for 3 mmutes on slides which were then washed with 
water The adsorbed layers weie all about 5 A thick or less ‘when adsorp- 
tion took place on uranyl acetate-conditioned shdes coated with an optical 
gage of stearate or octadecylamme It was found that the nature of the 
gage, stearate or octadecylaxmne, on which the polysacchande was ad- 
sorbed had a veiy great mfluence on the amount of adsorbed antibody 

When the polysacchande was adsorbed on a gage of barium stearate, 
the thickness of the antibody layer subsequently immobilized was 120 to 
130 A after treatment mth an immime seiiim for 10 mmutes This value 
was not mcreased by lengthenmg the adsorption penod to 1 hour Occa- 
sionally the observed mcreases for a senes of shdes were consistently larger 
(170 to 180 A) or smallei (95 to 110 A) These vanations seem to be 
caused by an impuiity affectmg the barium stearate gage and, hence, the 
structure of the adsorbed polysaccharide layer, smce all shdes prepared 
simultaneously exhibited mcreases withm the same range of thickness 
In other experiments, shdes coated mth a conditioned gage of barium 
stearate were coveied mth a double layer of egg albumm pnor to the 
adsoiption of the polysaccharide The subsequent increase m adsorbed 
antibody was found consistently between 140 and 150 A The mfluence of 
screens of baiium stearate, octadecylamme, and Formvar on the amount of 
specifically adsorbed antibody was also mvestigated Special precautions 
had to be taken when screens of Formvar were deposited on polysac- 
chande adsorbed on a banum stearate gage These gages consisted 
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Thickness of screen in A 

Fig 6, a Screening action of barium stearate, octadecylamine, and Formvar 
films on polysaccharide type III, adsorbed on a conditioned optical gage of three and 
five monolayers of banum stearate Thicknesses of the layers of adsorbed antibody 
are true specific increments Non specific increases varying from 9 to 17 A, de- 
pending on the nature and thickness of the screen, were subtracted from the experi- 
mental values They were obtained upon adsorption of the antiserum on the screens 
without underlying polysacchande 

Fig 5, h Screemng action of barium stearate and octadecylamine on polysac- 
chande type III, adsorbed on an optical gage of octadecylamine Thicknesses of 
the layers of adsorbed antibody are true specific increments obtained after 10 minutes 
Non-specific increments of 16 A were subtracted from the experimental values The 
optical gage, consisting of three and five monolayers of octadecylamine, was con- 
ditioned twice with uranyl acetate, once after the deposition of the first monolayer 
and then after completion of the deposition of the gage 

mainly of barium stearate but also contamed some free stearic acid which 
was dissolved by ethylene dichloride durmg the formation of the Formvar 
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barrier, thus causing an error m the deteimination of the screen thickness 
important m the range of thin screens only To eliminate this error, the 
slides to be coated AVith Formvar scieens Aveie tieated with ethylene 
dichloiidc prior to the adsorption of the polysaccharide type III As is 
shown m Fig 5, a, the amount of antibody immobihzed when no screen 
was present was somewhat smaller when the gage had been treated with 
ethylene dichloride (Curve A) than when it had not been so treated 
(Curve B) The curves of Fig 5, a also demonstrate that the screening 
action of the three types of bairiem was essentially the same, except mthe 
region of the tlnckei screens, when a specific adsorption was stdl observed 
with a screen of baiium stearate or octadecylamme 146 A thick, while 
no such reaction took place with a Formvar screen of the same thickness 

When the polysaccharide was adsorbed on a gage of octadecylamme, the 
thickness of the layers of antibody was 280 A after 10 minutes, 600 A after 
1 hour, and 700 to 800 A after 2 hours, a most amazmg mcrease when it is 
considered that it is brought about by a layer of polysaccharide only 5 A 
thick The optical gage of octadecylamme consisted of three and five 
monolayers, smce m this case it was apparent that the amount of specifi- 
cally adsorbed antibody was greater on the lower than on the upper part 
of the shde when a gage of only one and three monolayers of octadecylamme 
was used When an optical gage of stearate was coated with one double 
layer of octadecylamme before the polysacchande was adsorbed, a simi- 
larly large amount of antibody was munobdized, the reaction bemg even 
faster (500 A m 10 mmutes) The curve m Fig 5, b demonstrates that the 
screenmg action of barium stearate or octadecylamme on a layer of poly- 
saccharide adsorbed on an octadecylamme gage is roughly the same, no 
specific adsorption of antibody bemg demonstrable for screens thicker 
than 150 to 160 A The amount of antibody immobfiized decreases 
hnearly with the mcrease m thickness of the screen The mfluence of a 
Formvar screen, however, seems m this case to follow a shghtly different 
course, as is shown m Fig 6, but the mmimum thickness of the screen 
necessary to prevent a specific fixation of antibody has the same value of 
120 to 130 A as that found when the polysaccharide was adsorbed on a 
barium stearate gage 

As already observed for the bovme albiimm system, when there was a 
screen the maximum value of the thickness of the antibody layers adsorbed 
was obtained m about 10 mmutes For mstance, when the polysaccharide 
was anchored on an octadecylamme gage and coated with a barrier of one 
monolayer of octadecylamme, the specific adsorbed layer of antibody 
observed after 10 or 60 mmutes was 240 A thick 

Femhn, Apofemhu-Aniiferriiin Serum — A. few experiments were 
carried out with this system and the results are of sufficient mterest to be 
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lecordecl Both feriitm and apofeintm \\ere ciystallme samples of high 
degiee of purity These pioteins spread nith considerable difficulty on 
water and the thickness pei moiiolajei A\as 25 A, m other ivords, the 
molecules \\ere not completely unleafed ^Vhen treated ivith a chlute 
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Fig 6 Scieenmg action of Formvar films deposited on polysaccharide type III, ad- 
sorbed on an optical gage of octadeoylannne Thicknesses of the layers of adsorbed 
antibody are true specific increments obtained after 10 minutes Kon specific in- 
creases of 13 A were subtracted from the experimental values The optical gage of 
three and five monolayers uas the same as that described for Fig 5, b 

antifeintm serum, films from both piotems were capable of adsorbmg 
specifically a layer 25 A thick 

Feintm and apoferntm molecules could also be adsoibed on shdes 
covered mth a steal ate gage, and the same mcrease of 25 A was observed 
after treatment mth the antiseram This mcrease was mdependent of the 
thickness of the adsoibed antigenic layei (from 30 to 70 A) 
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If, however, apoferntin was spiead on a 1 pei cent NaCl solution, the 
thickness of a double layei was 18 A, coiiespondmg to a completely im- 
folded polypeptide cham of 9 A per layer The films weie found totally 
mactive Activity could not be lestoied by incieasmg the thickness up to 
five such double layers by successive dippmg It is appaient that com- 
plete unfoldmg of the large piotem molecule of apoferritm (mol wt 
465,000) (9) destroys its immunological leactmty 

DISCUSSION 

The mam body of the data presented m the piecedmg section concerns 
the effect on immunological leactions of baiiiers interposed between films 
of antigens and homologous antibodies Befoie these lesults aie discussed, 
some remarks on the direct reaction occmiing 'without mtervenmg scieens 
would appear advisable 

From an immunological pomt of view, films of apofeiiitm, egg albumm, 
and bovme albumm can be said to be characteiistic of three different 
classes of protem films Apoferritm molecules on complete spieading 
lose then reactivity The necessaiy pattern for the immunological 
reaction therefore requires more than a two-dimensional fabric It is to 
be expected that large molecules, which suffer more steric disturbances on 
unfoldmg, will be found m this category 

Egg albumm probably belongs to the most common type, unfoldmg 
does not destroy the immunological reactivity but reduces it It was 
foimd that the same specific mciement occurred after tieatment vnth an 
irnmime serum whether the shde had been coated vnth one or many mono- 
layers In other words, a reactivity equal to that of the adsorbed mole- 
cules cannot be regamed by buildmg up successive monolayers 

In contrast, bovme albumm monolayeis not only retam their leactmty 
but possess the lemarkable property of additive reactivity The amount 
of specifically immobilized antibody is directly proportional to the number 
of undeilymg layers, up to a cert am number 

Great difficulty is therefore encountered m tiymg to explam such 
phenomena on the basis of the current chemical theories which axiomati- 
cally assume that the reaction occurs between definite groups of the antigen 
and definite gioups of the antibody If this were the case, how could 
‘^definite’ ^ groups of the antibody molecule react with definite groups of an 
antigen film buried under seven layem of the same antigen, 56 A deep 
(see Fig 3)? Would steric hmdrance not be an msurmountable barrier^ 
It could, of course, be argued that dunng the course of the reaction the 
layers of the protem are sufficiently disrupted to perrmt close contact 
between these hypothetical groups If the antibody molecules vere 
really commg mto contact with specific groups of the successive antigemc 
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layeis of bovme albumin, then when the shde was coveied with successive 
egg albumm monolayers the same phenomenon might be e\pected to occur 
upon tieatment with homologous antisemm On the contrary, m the 
latter case the amount of specifically adsorbed antibody is mdependent of 
the number of underlymg egg albumm monolayers 

A fuither pomt woith considermg m this connection is the absolute 
amount of antibody immobilized by the antigenic layers It has been 
shown that a layer of antibody 230 A thick can be adsorbed on four double 
layers of bovme albumm This thickness is gieatei than that to be 
expected from close paclung of a smgle layei of molecules of rabbit anti- 
body, unless they are adsoibed on end Furthermore, the fact that a layer 
of antibody 700 A thick was adsorbed on a layer 5 A thick of polysaccharide 
of pneumococcus type III demonstrates that a number of molecules of anti- 
body are piled up on top of each other and that they must be immobihzed 
theie by lughly specific foices ivithout commg mto contact rvith the anti- 
genic film To make sure that there weie no large aggiegates of antibody 
present m the antiseia used, two of them uere analyzed m the uitracentn- 
fuge They were found perfectly normal, exlubitmg the usual albumm 
and globuhn sedimentmg boundaries The calculated constants of sedi- 
mentation weie So® = 4 OrX 10“’® (albumm) and s3“ = 7 Or X 10~“ (globulm) 
for one of the sera and sf = 4 Os X 10“^’ (albumm) and $1“ = 7 3o X 10““ 
(globuhn) foi the other The determmations were carried out m the 
phosphate buffer used for the adsorption expeiiments 
Screemng Action — ^Numerous data presented m the experimental part 
mdicate that thiee diffeient types of barriers do not prevent immunological 
reactions fiom pioceeding between underlymg films of antigens and 
antibodies deposited on top of the screen The followmg questions aie thus 
raised Do the antibody molecules, which aie specifically immobilized 
with a bondmg eneigy strong enough to prevent their washmg away with 
sahne solution and water, really rest on top of the screen, or do they m some 
fashion work their way through the screen? Do the scieens have holes, 
or is the mesh of their fabric wide enough to permit the diffusion of antibody 
molecules? The available mformation m regard to surface films would 
appear to preclude this mterpretation 

Films of barium stearate have been studied by electron diffraction by 
Germer (10) and weie shoivn to consist of closely packed molecules with the 
hydrocarbon cham perpendicular to the base, m harmony with the optical 
thickness found for such films He states that, “The anangement can be 
thought of as resembhng that of persons of unifoim size m a crowded 
subway car ” Even if thermal motion is taken mto consideiation, it does 
not seem possible that “thermal holes” would be large enough to permit 
the passage of a molecule as large as that of a rabbit antibody (molecular 
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weight 160,000) In e\tieme cases the molecule would have to force its 
way through 18 X 8 = 144 caibon atoms m oidei to reach the antigenic 
layei If, m the case of Foimvai films, the holes (thermal oi permanent) 
\\ere lesponsible for the reaction, it would mean that the size of the holes 
and their density would be the same as m steal ate or octadecylamine 
screens, a very improbable comcidence However, let us assume for the 
sake of the argument that the ^4iole” theoiy is the explanation Then the 
barrier should slow down considerably this assumed diffusion process 
As a matter of fact, the rate of the reaction is imaffected by the different 
types of screens For example, the amount of antibody adsorbed on a 
screen of Formvai 110 A thick, deposited on thiee layers of bovme albumm, 
was 90 A thick, legardless of whether the antiserum was m contact with the 
shde for 15 or for 40 minutes Fuither, the experiments mentioned above 
on the temperature effect on the reaction lead to a similar conclusion The 
decrease m the reaction rate is the same whether there is a screen or not 

Still another senes of experiments is difficult to explam by the “hole” 
mterpretation There has come to our attention at least one system of 
large reactmg protem molecules for which barriers of stearate or Formvar 
proved very efficient, namely^ that of adsorbed molecules of protamme 
reacting with, msulm This system was mvestigated by Clowes (7) who 
found that m the pH lange of 5 5 to 7 5 a thick layer of msulm could 
be adsorbed on a thm layer of protamme Our expeiiments were made 
TOth the protamme clupein sulfate^ and showed that a layer of msulm 
220 A thick could be adsorbed on a layer of clupem A screen of one 
double layer of baiium steal ate, however, cut down the reaction com- 
pletely, smce the increment observed of 18 A was the same as that found 
when there was no undeilymg clupem layer Experiments with films of 
Formvar showed that no specific mcrease took place for screens thicker 
than 50 A (Theie was, however, an mcrease of 120 and 40 A with screens 
17 and 30 A thick, respectively ) Theie is no reason to believe that a given 
scieen should be more permeable to larger than to smaller molecules 
Actually the size of an msulm molecule {M 35,000) is considerably 
smaller than that of an antibody molecule 

It IS commonly assumed that the mteraction between msulm and pro- 
tamme results from Coulomb foices between these 2 molecules oppositely 
charged m the physiological pH range From this view it has been further 
suggested that the efficiency of the stearate screen could be accoimted for 

3 A 0 16 per cent solution of clupem sulfate in a 0 015 m veronal buffer, brought 
to pH 7 2, was smeared on a conditioned (uranyl acetate) stearate gage for 3 minutes 
The thickness of the adsorbed layer was 8 to 10 A The insulin solution was pH 
6 5 and contained 18 units per cc in a 0 05 m veronal buffer The msulm solution 
was smeared on the clupem layer or the barrier for 10 minutes 
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by a neutiaUzation of the basic groups of clupem by the carboxyl group of 
stearic acid TIus explanation appears scarcely adequate, since in the 
absence of a scieen it ^^ould be necessary for the insulin molecules to ex- 
change places mth tlie sulfate ions of clupem m order to react The screen 
itself consists of baiium stearate iihich cannot neutralize the alread}^ 
neutralized basic gioups of clupem An exchange leaction might, ho\\e\er, 
conceivably take place, nith elunmation of barium sulfate '\\Tiether or 
not this occui*s, the fact lemams that the insulin molecules cannot replace 
the steal ate, and this m itself demonstrates the efEciencj of the long alk^d 
cham of the steal ate m piexentmg the charged groups of msuhn from 
approaclnng the polai groups of pi otamme 
All the foiegomg cMdence vould appear to be definitely agamst the 
^‘hole^^ mterpretation of the effects obser\ed m the presence of barners 
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Salt Treatment of Slides Coaled mth Three Double Layers oj Bonne Albumin and 
Homologous intibcdy xcith and nithout Intericning Screens 


ThiclJiess of ronntar 
CTCcn 00 top of 3 
double layers of bovine 
albumin 

Thickness of antibody 

ThicknciS of 
Formvar screen on top of 
antibody layer 

Lo 53 in thickness /ollou- 
ing salt treatment 

1 

A 

1 

-t 

44 

140 

' 0 

61 

66 

99 


46 

0 

160 

* 0 

63 

0 

190 

0 

61 

0 

195 

39 

0 

0 

ISO 

5S 

0 

0 

160 

ns 

0 


It has been suggested that duimg the deposition of the scieens the 
antigenic layei oi layei'S voik their way up to the top of the screen Tins 
possibility seems haid to conciliate wth the following facts When a 
slide, after specific adsoiption of antibody, is treated with a sodium clilonde 
solution (5 to 10 per cent for 10 mmutes), a removal of part of the adsorbed 
antibody results In contrast, if a scieen of Form\ ar is deposited on top of 
the antibody layei, no antibody can be lemoved vnth salt treatment, as 
appears fiom Table IV ^^hlch summarizes our findings m this connection 
It IS ob\aous that antibody molecules cannot lea^e the slide vhen they aie 
covered vnth a Formvar film oi treated vith ethylene dichlonde These 
facts demoastrate that both antigenic film and antibody molecules must 
stay below the bariiei durmg its deposition Therefore, if the antibody 
molecules cannot woik their way out of the screen, it also seems highly 
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impiobable that they should be able to ^^o^k then way down through the 
scieen, a pomt which adds fuithei evidence against the '‘hole'^ theory 
Yet anothei hypothesis has been advanced, namely, that during the 
deposition of a baiium steal ate screen the scieen m some way duplicates 
the distiibution of chaiges of the antigenic film and becomes an artificial 
antigen This possibility seems i emote, especially when one considers that 
films of Foimvai behave m a fashion similai to that of baiium stearate 
Expeimients m which the scieen of Foimvai vas made on a clean glass 
slide and then transferred as one imit on the antigenic films, as described 
abo\e, seem definitely to exclude this hypothesis, smce the results v^eve 
similar to those obtained with screens foimed diiectly on the antigenic 
layers The most characteiistic piopeity of immunological reactions is 
their exhaordmary specificity This m itself would seem to preclude the 
assumption that mteraction bet\\een antigenic films and antibody, m the 
presence of a scieen, would take place through highly specific mduced 
polaiization transmitted thiough the scieen It vas shovm eailiei m this 
paper that the mfluence of uianyl conditionmg can be tiansmitted through^ 
many monolayei-s of protem, piesumably by mduced polaiization, to pre- 
vent the top layers from escapmg the surface of a slide dunng the process 
of deposition of multilayers In this case, however , the forces mvolved are 
entuely 'non-specific, m contrast to the forces mvolved m immunological 
reactions It would now seem that the only tenable explanation of these 
immunological phenomena is based on the assumption that long range 
forces exist between the antigenic films and the antibody molecules, smce 
direct contact between the molecules is unlikely Hovever, no kno^m 
chemical force can explam mteractions at distances of the ordei of a few 
hundred Angstroms Therefore our knowledge concemmg mtermolecular 
forces obtained through the study of relatively small molecules would be 
madequate to describe specific mteraction between large molecules such as 
those mvolved m immunological and enzymatic reactions 

The possibihty might then be considered that antigen and antibody 
mteract as two resonatmg oscillators A necessary condition for the 
realization of such long range mteraction is that the assumed oscillators 
are extended, otherwise the mteraction would fall down rapidly with the 
distance These extended oscillators could be visuahzed accordmg to the 
ideas expressed by London (11) which are very pertment Extended 
oscillators aie hkely to occur m large molecules built on the prmciple of 
pattern repetition, hke the polypeptide cham of protems oi the glucose- 
glucuronic acid units of polysaccharide type III These oscillators would 
be chaiacteristic of the molecule as a w^hole, or at least a considerable 
portion of it The frequency of these oscillators might presumably be 
located m the extreme mfra-red of the spectrum, possibly m the border 
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line between optical and electiical spectra It would then follow that the 
interaction between antigen and antibodj' molecules could be mterpreted 
by a field action, lather than by specific chemical icactmg groups From 
this pomt of view' the idea of valency of antigen and antibody would lose its 
significance The specific action would then bo explained, though m a 
more modem language, by a tlieoiy related to the early concept of Bordet 
and his followers 

It IS too early to say whether in all immunological reactions the concept 
of a field action gives a more adequate mtci pretation of the facts than the 
idea of reaction between specific chemical gioups At present it can be 
said that the experiments piesented m this aiticle are most readily ex- 
plamed on the assumption of a specific field of force extendmg over 100 to 
200 A Immimologists have been puzzled for some time bj' the^act that 
“antibodies for disaccharide glj cosides seem to leflect the pattern of the 
homologous hapten as a whole” and that “A similar situation was en- 
countered m the study of immune seia to peptides” (12) Such observa- 
tions would be a natuial sequence to the concept of a field action repre- 
sentmg the molecule as a w'hole It might well be conceived that the 
nature of the antigen would affect the extension of the oscillators If the 
specific resonators w'ere locahzed m small chemical groups, as m the case of 
artificial conjugated antigens containmg few’ hapten gioups per molecule, 
then the concept of mtegiated field action would not be needed and a 
purely chemical theory perhaps would be adequate We plan to mxesti- 
gate the screenmg action of baiiieis on immunological reactions of artificial 
conjugated antigens Some of the obseivations reported above, besides 
those deahng directly rvith screenmg effects, w'ould definitely be m favor of 
an mtegrated field action If the immimological leaction were of a pmely 
chemical natuie, conchtionmg of one double layei, by blockmg certam 
specific groups, should cut dowai the subsequent reaction mth antibody m 
the same relative proportion as conditionmg of thiee double layers of 
bovme albumm It was shoivn, however, (see Fig 2) that uranyl con- 
ditionmg of a shde coveied wath one double layei of bovme albumm had 
little effect on the subsequent reaction with antiseium, whereas condition- 
mg of three double layers reduced considerably the amoimt of adsorbed 
antibody On the other hand, if the large amormt of antibody adsorbed 
on three double layers of bovme albumin results from a cooperative phe- 
nomenon between the multilayers of the antigen, it might be expected that 
the conditions necessary to promote an enhanced field w’ould be the more 
easily disturbed the greater the number of monolayer's m the antigenic pile 
Ftom a biological pomt of new’ our findmgs may lead m the direction 
towards a rational theory of the dynamics of the livmg cell Many 
puzzling facts confiontmg the physiologist might conceivably find an 
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explanation if specific long range forces opeiate at considerable distances 
beUNeen macro molecules Limitmg oui’selves to immunological reactions, 
we may say that the spheie of mfluence of antibody molecules m the animal 
body may extend much furthei than is commonly believed Interaction 
between antigen and antibody could occui through mert layers or a thm 
cell membrane In the next article it will be shown that analogous phe- 
nomena hkewise take place m enzymatic reactions 

SUaiMARY 

Experiments are described which deal mth immunological reactions 
between films of antigen transfeired on metal shdes and antibody contamed 
m a drop of solution brought mto contact with the slide The antigens 
used were egg albumin, bovme albumm, ferntm, and the polysaccharide 
from pneumococcus type III The mfluence of screens deposited on the 
antigenic films pnor to the smearmg of the antibody solution on the shde 
was mvestigated It was found that mtervenmg screens of banum 
stearate, octadecylamme, and Formvar did not altogethei prevent a spe- 
cific immobihzation of homologous antibody The mfluence of such 
barners was mamly a function of their thickness and very httle if at all of 
their nature 

The possibihty w^as considered of holes m the barrier, thus allowmg the 
antibody molecules to come m direct contact mth the antigenic film by 
diffusion This explanation seems contrary to the experimental evidence 
The conclusion is reached that mteraction between laige molecules, such as 
those mvolved m immunological and enzymatic reactions, may take place 
through a field of specific long range foices extendmg over 200 A, a distance 
many times greater than that calculated foi the mteraction of small 
molecules 
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THE REACTION OF FORMALDEHYDE WITH PROTEINS* 

IV PARTICIPATION OF INDOLE GROUPS GRAiMICIDIN 

B\ HEINZ FRAENKEL-CONRAT, BEATRICE A BRANDON, and 
ILVROLD S OLCOTT 

(From the Western Regional Research Laboratory,^ Albany, California) 
(Received for publication, December 11, 1946) 

In the study of the reaction of formaldehyde with proteins (2-4) it 
was noted that some of the aldehyde was bound in a manner not leversible 
by acid hydrolysis Wadswoith and Pangbom (5) and Holden and 
Fieeman (6) had pieviously found that histidme and tiyptophane differed 
from other ammo acids m forming stable compounds ivith foimaldehyde 
Jacobs and Ciaig (7) and Neuberger (8) had piepared the foimaldehyde 
derivatives of tryptophane and histidme, lespectively, and found that new 
rmgs were formed by means of methylene bridges between the a mm o 
groups and reactive positions on the mdole or imidazole rmgs Recently 
Velluz (9) and Baudouy (10) suggested that the ii reversible fixation of 
formaldehyde by protems might mvolve then histidme and tryptophane 
residues Similar ideas have been expressed by Nitschmann and Lauener 
(11) and Swam aZ (12) 

Giamicidm, the antibiotic isolated by Hotchkiss and Dubos (13) from 
tyrothricm, and shown to contam no polar groups other than mdole and 
aliphatic hydroxyl groups (14), was found m this Laboratoiy to leact with 
formaldehyde m neutral or alkalme solution to give a stable deiivative of 
altered biological properties (methylol gramicidm) (15, 16) This, and 
other observations which will be discussed below, appealed to lend mde- 
pendent support to Baudouy ’s claim conceinmg the irieversible fixation 
of formaldehyde by the tryptophane residues of piotems Howevei, as 
was pomted out by Swam et al (12), the mechanism of the reaction could 
not be assumed to be the same as that for the free ammo acid The 
present publication is concerned with the conditions favorable for, and the 
mechanism of the combmation of formaldehyde with, tiyptophane residues 
m peptide linkage The reaction with histidme residues is significantly 
different and will be discussed separately 

The reaction of gramicidm with formaldehyde served as a model system 
and was studied m some detail, since gramicidm contams about 40 per cent 

* Presented in part before the Amencan Society of Biological Chemists at Atlantic 
City, March, 1946 (1) 

t Bureau of Agricultural and Industnal Chemistry, ^.gncultural Research Ad- 
mimstration, Umted States Department of Agnculture 
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tiyptophane, 5 times that piesent in the protein of highest known trypto- 
phane content Simple indoles weic used to substantiate the results with 
gramicidin Finally, the conclusions nere tested with proteins rich in 
tryptophane The data indicate that 3-alkjdindole lesidues react readily 
in alkalme solution with 1 equivalent of formaldehyde, which adds to the 
nitrogen or, less likely, the a-caibon atom to give a methylol group as 


R 


^ 


C 


C— II 


R 

A— 

I I 

H 


CH.OH 

(I) (II) 

indicated m foimulas I and II The leaction is largely reversible in strong 
alkali but acid liberates only part of the formaldehyde and causes a break- 
do^Yn of the indole ring 


Methods 


Formaldehyde Analysis — The amount of formaldehyde bound by a protein 
has usually been deteimined m the foUoumig manner (17, 18, 2, 3) The 
thoroughly washed protem derivative is subjected to a combined acid 
hydrolysis and distillation, foimaldehyde being subsequently determined 
in the distillate by titiimetiic or giavimetiic procedures These conditions, 
however, do not cause the lelease of foimaldehyde from the methylene 
compound lesultmg from its mtei action mth free tryptophane, and only 
partial release of foimaldehyde boimd by the lesidues of this amino acid m 
peptide Imkage Analyses foi such ''stably bound’’ foimaldehyde have 
been based on deteimmations of the diffeience between the amounts added 
to, and lecoverable from, leaction mixtures (12) However, it was found 
that even this technique could not be applied to tiyptophane-contammg 
products, smce tiyptophane deiivatives react wth foimaldehyde under 
the conditions of combmed acid hydrolysis and distillation (Table I) (H) 
The same difficulty was encountered when foimaldehyde was determined 
by a chromotropic acid method (19), dm mg the heatmg in strong sulfuric 
acid, mdoles weie found to bind formaldeh} de ^ Thus it was not possible 

^ Besides all indole derivatives, cysteine, dimercaptopropanol, tyrosine, and sev 
eral proteins containing tyrosine and Ins ti dine bound formaldehyde under the con- 
ditions of chromotropic acid analysis (30 minutes in 14 n sulfuric acid at 100°) when 
0 012 mg of formaldehyde ^^as used m the presence of 0 5 to 3 0 mg of compound 
On the other hand, histidine, acetylhistidine, histidine anhydride, and proteins low 
m tryptophane, tyrosine, and histidine (gelatin, isinglass, protamine) bound no 
appreciable amounts of formaldehyde under these conditions 
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by either technique quantitatively to recover formaldehyde added to 
mdoles aftei the sulfuiic acid In piotems iich m tiyptophane, theie 
appears to be no accuiate method available for the deteimmation of 
formaldehyde bound le^el'Sibly, or to deteimme by dififeience that bound 
irreversibl}’' Baudouy (10) and Nitschmann and Lauener (11) have also 
emphasized this diflSculty With Baudouy ’s technique for iireveisibly 
bound foimaldehyde actually the sum of that “irieveisibly’^ bound plus 
that bound m so labile a mannei as to be spht off durmg the washmg of 
the protein was deteimmed 


Table I 

Irreversible Fixation of Formaldehyde by Indole Derivatives and Proteins under 

Conditions of Analysis* 


Substance 

Fonnaldehyde bound per mole 
indole residue 


mole 

Indoleacetic acid 

0 56 

Tryptophane 

0 65 

Benzoyltryptophanc 

0 67 

Acetyltryptophane 

! 0 59 

2 , 3-DimethylindoIet 

0 33 

Chymotrypsinogen 

0 83 

Lysozyme 

0 72 

Gramicidint 

0 0 


* 5 7 mg (0 19 rmi) formaldehyde w ere added to 10 to 20 mg of simple indole 
derivative or 100 mg of protein in 50 ml of 1 n sulfuric acid and distilled until fumes 
filled the distillation flask Under the same conditions cysteine bound 0 45 equiva- 
lent of formaldehyde Tyrosine, histidine, acylhistidines, and proteins free from, 
or very low in tryptophane (bovine serum albumin, globin, cattle hoof keratin, 
gelatin, insulin), bound no significant amounts 

t Distils with steam simultaneously with the formaldehyde 

t The insolubility and resistance to hydrolysis of gramicidin probably account 
for its inability to bind formaldehyde under these conditions 

Special methods had therefore to be used in order to determme the extent 
of combination of formaldehyde with tryptophane m peptide linkage 
The peculiar properties of gramicidin made it a most useful experimental 
matenal for this purpose Its msolubility m water permitted its quantita- 
tive lemoval fiom leaction mixtures which could then be analyzed for 
residual formaldehyde, with or without distillation The absence of 
ammo, amide, and guanidyl, the usual polar groups that bmd formaldeh^^de 
reversibly (2, 3), made it possible to attribute all formaldehyde bound by 
gramicidin after thorough washmg to combmation ivith its numerous 
tryptophane residues The amount bound was ascertamed (a) by differ- 
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ence between the amount added and that found m the combmed super- 
natant and wash solutions, and (b) by elementary analysis of the deuvative 

When smiple mdole deiivatives and acyltryptophanes were used as model 
substances, the deciease m the formaldehyde content of reaction mixtmes 
was deteinuned duectly, without distillation and mthout separation of 
the leaction pioduct, by the addition of dimedon and buffer (20, 2, 3) 
Smce the acylammo acid side chain binds no formaldehyde,- the total 
amount bound by all model compounds used could be attributed to com- 
bmation ivith the mdole group The data obtamed by this technique were 
at times checked and confiimed by repeated precipitation and resolution 
of the mdole derivatives with water and alcohol and ultimate analysis 
of the pooled supernatant solutions for residual formaldehyde Character- 
ization of the modified reaction products oi lecoveiy of the unchanged 
mdole derivatives supplied the final pi oof for the occuirence and the nature 
of the leaction 

Tiyptophane Anahjm — ^All 3-substituted mdole derivatives, upon 
reaction with formaldehyde, lose then ability to gi\e a blue color with 
J Ehrlich’s reagent and give instead a puiple color of lessened mtensity if 
read wth the usual led filtei This coloi test is similaily altered m form- 
aldehyde-tieated proteins and hence supplies a quantitative estimate of 
the extent of reaction of then tiyptophane lesidues The analyses were 
peifoimed accoidmg to Horn and Jones (22), eithei on unhydrolyzed 
pioteins 01 on enzymatic digests (pancreatm) Alkahne hydrolysis could 
not be used, smce it was found that stiong alkah regenerated the chromo- 
genic activity In addition, alkalme hydrolysis was found to cause some 
desti action of the tiyptophane m chymotrypsmogen (Table IV) and 
lysozyme Acid hydiolysis also causes destruction of trjqitophane, 
particulaily m the piesence of formaldehyde 

Smce gramicidin and methylol giamicidm are lesistant to enzjonatic 
digestion, these weie analyzed eithei unhydrolyzed, m 50 pei cent acetic 
acid solution, oi aftei acid hydiolysis (16) Acid hydrolysis, even though 
peifoimed m evacuated Thimberg tubes, led to formation of considerable 
amoimts of humm m the case of methylol giamicidm (about 25 per cent 
of the nitiogen was rendeied msoluble) but not wth giamicidm itself, 
the tiyptophane of which is resistant to acid hydrolysis mth these 
piecautions 

The Folm method foi the deteimmation of combmed phenols and mdoles 
was sometimes used as an additional technique The buffer and leagent, 
piepaied and diluted accordmg to Heinott (23), weie added simultaneously 

* As show n m many control experiments with several acylammo acids m the course 
of this study Carpenter (21) and Neuberger (8) have demonstrated the inability of 
benzoylalamne and benzoylhistidine to bind formaldehyde 
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to the appropriately diluted sample and the color was developed durmg 1 
hour at 40° By digestion of the piotem vnth pancreatm (pH 8 for 3 days 
at 40°), the quantitative significance of the Fohn values could be greatly 
mcreased, compared to those obtarned on imhydrolyzed protems Duect 
analyses* of rntact protems are kno^\m to yreld values coriespondmg to only 
about 60 per cent of those expected, they have been found to be affected 
by the ease of denatmation of different derrvatrves (24, 25) In contrast, 
the chromogenic actrvrty of pancreatrc digests of all protems studred 
except lysozyme^ corresponded closely to the sum of therr known tyrosme 
and tryptophane contents This method of hydrolysis has an additional 
advantage m that it minimizes the danger of reversal of the modifymg 
reaction ** 

The formaldehyde derivatives of simple mdoles and of chymotrypsmogen 
showed lowered chromogenic values with the Fohn reagent This observa- 
tion, however, did not facihtate the mterpietation of the reaction mecha- 
nism, smce the molecular requirements for a positive test are not known 
Alkyl substitution of the mdole ring did not greatly affect its chromogenic 
value mth the Fohn reagent All mdoles hsted m Table IX gave from 60 
to 70 per cent of the color of tryptophane, on a molar basis 

Other Analytical Techniques — Hydroxyl groups of gramicidm and 
methylol gramicidm were determined by quantitative acetylation (29, 14) 
Resorcinol and cetyl alcohol were 95 and 90 pei cent acetylated under the 
conditions used The solubihty of gramicidm derivatives was estimated 
spectrophotometrically m a 25 per cent alcohohc medium (16) Nitrogen 
was determined by the modification of the Kjeldahl-Gunnmg- Arnold 
method recently desciibed by White and Secoi (30) 

Materials — Geneious supphes of giaimcidm were furnished by the 
Wallerstem Laboratoiies Indole compounds, imless otherwise desciibed, 
were commercial products 2,3-Dimethyhndole was synthesized by the 
method of Snyder and Smith (31) l,2-Dimethylmdole-3-acetic acid 

3 Lysozyme had to be digested with pepsin after heat denaturation in acid solution 
(26) to release its complete chromogemc value (12 4 per cent, calculated as trypto- 
phane, see foot-note 6) 

^ As an example, this techmque has proved useful in establishing the number of 
phenol sulfate groups formed upon sulfation of proteins '^ith concentrated sulfuric 
acid (27) An unhydrolyzed sample of insuhn that had been sulfated for a short time 
at — 18° appeared to contain 5 7 per cent tyrosme compared to the value of 8 9 per cent 
found with unhydrolyzed insulin In enzymatic digests absolute values of 7 7 and 
12 2 per cent were obtained, respectively The latter value agrees with that obtained 
after acid hydrolysis The former, when corrected for the amount of sulfate in- 
troduced, indicates that 30 per cent of the tyrosme had been sulfated This product 
was found to have high hormonal activity (28) In contrast to the sulfate, 0-acetyi- 
tyrosme was not stable under the conditions of enzyme digestion used 
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was prepared from the methylplienylhydiazone of ethyl levuhnate, as 
described by Degeii (32), except that the condensation was carried out 
in glacial acetic acid and was catalyzed by boron trifluoride as described 


Tab L b II 

Rate of Reaction of Gramicidin and Indole Dcriialiics with Formaldehyde at 

Room Tcmpcralure* 


Compound 

tmal 

pHt 

Moles formaldchjdc bound per mole indole residue 

25 

hrs 

4 ht3 

6 hra 

24 hrs 

3 days 

7 days 

11-12 

days 

Gramicidin 

11 3 

0 St 

1 0 


0 9 


1 0 


Skatole 

11 3 

0 s 

0 7 

0 9 

0 7 

0 8 


0 9 

II 

3 5 


IB 


0 4 




Acetyl tryptophane 

7§ 


IB 


0 6 

0 8 ; 



Indoleacetic acid 

n 3 


IB 



0 9 

EEB 


(1 II 

7§ 


ia 


0 5 


1 0 


II II 

3 5§ 






MM 


2, 3-Dimcthylindole 

1 11 3 




i 0 5 

0 5 



It 

3 5 




0 G 




1 , 3-Dimethylindole 

11 3 




0 1 




1,2 Dimethylmdole 3 acetic 









acid 

11 3 




0 0 





* The reaction conditions 'were as follo\\s 1 blm of the indole derivative or 200 to 
400 mg of gramicidin ^^cre treated with 5 to 7 ium formaldehyde in a final total 
volume of 10 ml Sodium hydroxide, phosphate buffer, pH 8 0, or acetic acid was 
added to final concentrations of 0 03 m, 0 14 m, or 0 15 m respectively With the 
exceptions noted in foot note § the medium contained 4 to 6 ml of alcohol At the 
end of the specified time period, 1 ml of the reaction mixture was diluted first with 
3 ml of alcohol and then with water to 10 ml 3 ml of the diluted solution were 
added to a mixture of 50 ml of dimedon solution and 75 ml of acetate buffer (20) 
After 24 hours, the precipitate was filtered, dried, and weighed If contamination 
of the precipitate with the indole reaction product was suspected, nitrogen analyses 
were run The results were uniformly negative With gramicidin, the reaction 
product was precipitated by the addition of aqueous 0 1 m sodium chloride After 
being centrifuged and carefully washed, the product was dissolved in alcohol and 
again precipitated and washed The combined supernatant solutions and washings 
were analyzed for formaldehyde by the dimedon method 
f Measured after dilution w ith 2 to 3 volumes of w ater 

t That the reaction w as practically complete in 2 5 hours w as also indicated by the 
fact that this preparation contained only 20 per cent of the hemolytic activity of 
gramicidin in vitro (15, 16) 

§ In aqueous media Indoleacetic acid was insoluble at pH 3 5 but gradually w ent 
into solution during the course of the reaction 

for other indole compounds by Snydei and Smith (31) The propeities 
agreed mth those m the literature Chymotrypsmogen was a commercial 
preparation that had been recrystaUized eight times by E F Jansen 
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Crystalline lysozyme was kindly furnished by H L FevoldandG Alderton 
Tobacco mosaic vii us was obtamed through the courtesy of W M Stanley 

Table III 

Effect of Reaction Conditions on Pro'pcTties of Fonnaldehyde-Trealed Gramicidin 


Reaction conditions* 

Productst 

Formaldehyde 

concentration 

Z^Iedium 

Temper- 

ature 

Nitrogen 

Trypto- 

phanet 

Hydroxyl 
groups^ 
per 10« gm 

Solubility H 

per cent 


C j 

percent \ 

per cent 

1 

mg percent 

15 0 

0 2m (COOH)j 

70 

12 7 

<5 

10 


11 3 

0 35 N CHjCOOH 

70 

12 5 

<4 

6 


2 4 

0 15 

53 

14 2 

24 

7 

0 2 

11 3 


70 

13 7 

23 



7 5 


53 

14 0 

<8 


0 6 

2 5 


70 

13 6 

32 



0 4 

0 002 N NaOH 

53 

14 1 

<8 

11 

0 6 

7 5 

0 02 “ “ 

53 

13 6 

<8 

22 

1 8 

2 4 

0 03 “ “ 

53 

13 7 

<8 

22 

2 3 

2 4 

0 03 “ “ 

Room 

13 6 

<8 

23 

2 6 

0 5 

0 03 “ ‘‘ 

53 

13 6 

<8 



0 1 

0 03 “ “ 

53 

13 9 

16 



15 0 

0 08 “ 

53 

13 5 

<8 

25 

2 3 

Control H 



14 5 

38 

6 

0 6 


* In most cases, 4 to 20 per cent formaldehyde solution and 1 n acid or 0 1 N alkali 
were added to 400 mg of graimcidm dissolved in alcohol, in order to give the desired 
end concentrations, and the mixture was diluted to 10 ml The alcohol concentra- 
tion w^as 40 to 60 per cent Reaction time, 2 days at 53® or 70°, 7 days at room tem- 
perature 

t Antibacterial activities were as follows the products prepared at 70° and 53® in 
acetic acid <10 and 73 per cent, respectively, that prepared at neutrality, 93 per 
cent, and the products of complete reaction in alkali, 81 to 96 per cent of the activity 
of gramicidin The hemolytic activities in vitro were 10 to 15 per cent for the latter 
preparations and 50 to 100 per cent for those prepared at 53° at neutrahty and in 
acetic acid The methods of assay were those described elsewhere (11) 

t Analyzed without hydrolysis in 50 per cent acetic acid solution, approximate 
values An atypical purple color was obtained in all samples designated as contain- 
ing <8 per cent 

§ By quantitative acetylation (19) 

11 In 25 per cent aqueous alcohol containing 0 125 n sodium chloride (12) 

If Gramicidin exposed to strong alkali showed slightly lowered N (14 2 per cent) 
and unchanged tryptophane contents Treatment with acetic acid at 70° gave a pro- 
duct containing 14 2 per cent N and 34 per cent tryptophane 

DISCUSSION 

Extent of Reaction — The data in Table II show that granucidin m alkaline 
solution reacts rapidly with formaldehyde, bindmg almost 1 eqiuvalent 
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protein-formaldehyde reaction IV 


for each tryptophane residue The reaction proceeds rapidly at room 
temperature and at low foiTualdehyde concentiations m the presence of 
0 02 N or higher concentrations of alkah (Tables II and III) ^ In neutral 
solution httle formaldehyde appears to be bound In acid solution the 
reaction proceeds only at high foimaldehyde concentrations and temper- 
atures 

In contrast to giamicidin, acyltryptophanes and simple 3-substituted 
indoles react at loom temperature m acid and neutral as ell as in alkaline 
solution, although at somewhat slower rates (Table II) Like the trypto- 
phane of gramicidm, these model substances bind almost 1 equivalent of 
formaldehyde 

Tryptophane analyses of formaldehyde-treated chymotrj^psmogen, a 
protem particularly nch m this ammo acid‘s (33), demonstiated that the 
mdole gioups of a typical piotem, like those of graimcidm, leact rapidly 
and even at low formaldehyde concentration m alkalme solution, but not 
appieciably below pH 8 to 9 (Table IV) Sinulai lesults were obtained 
with tobacco mosaic virus (Table V) and lysozyme, although the msolu- 
bihty of the alkalme foimaldehyde reaction products of these protems 
prevented as complete a study as was possible AVith chymotrypsmogen ’ 

® Previously, elevated temperatures (53'*) had been used for the gramicidin-form- 
aldehyde reaction (15) The instability of formaldehyde in v\arm alkaline solution 
and the possible effect of indoles on its stability in such solutions rendered quanti- 
tative work at 53® difficult to control Mam emphasis has therefore been placed in 
this publication on the more reliable results obtained at room temperature How - 
ever, the properties of methylol gramicidin are the same, whether prepared at room 
temperature or at 53® (m alkaline solution) 

^ Of all protems studied, lysozyme alone had a higher tryptophane content, that 
IS, 8 0 per cent, corrected for moisture, wffien analyzed (22) either unhydrolyzed or 
after enzymatic digestion After alkalme hydrolysis or acid hydrolysis m evacuated 
Thunberg tubes, about 4 6 per cent tryptophane was found, compared to 3 8 and 3 3 
per cent for chymotrypsmogen under the same conditions Gramicidin, after acid 
hydrolysis in Thunberg tubes, appeared to contain 38 1 per cent tryptophane 

’ The finding of Ross and Stanley (35) that formaldehyde treatment at pH 7 re- 
duced the FoliJi color of imhydrolyzed tobacco mosaic virus was confirmed How- 
ever, tryptophane analyses (22), both on the intact protem and after enzymatic 
digestion, indicated that there was no appreciable difference between this derivative 
and the original protem (S 5 to 2 7 per cent), while the formaldehyde denvate pre- 
pared at pH 11 contained less than 1 per cent unchanged tryptophane It appears 
that the Fohn color of the intact protem, which corresponds to only 53 per cent of the 
potentially reactive groups, is decreased non specifically after formaldehyde treat- 
ment Miller (25) found this to be the case for certain acyl derivatives of the virus 
unless they were previously denatured Analyses with the Folm reagent after enzy- 
matic digestion confirmed the tryptophane analyses m showing that there was no 
decrease m chromogemc activity after formaldehyde treatment at pH 7, but a marked 
decrease after treatment at pH 11 Ross and Stanley’s results are thus to be m- 
temreted as reflecting a decreased availability of the tryptophane and tyrosine 
residues to the Fohn reagent after formaldehyde treatment at pH 7 0 rather than 



FILSJiNKEI/-CONItfVT, BRANBON, AND OLCOTT 


107 


Table IV 


Reaction of Tryptophane Residues of Chymotrypsinogen with Formaldehyde 


RcacUon conditions* * * § 

Analytical conditions 

Formal 
dchjdc 
concen ^ 
tmtion 

Final pH 

Buffer 

Tryptophane 

Phenol -h 
mdolet 

Unhydrolyzed 

Enzymatic 

digestt 

AlLalme 

hydrolysate 

Enzymatic 

digestt 

per cent 



per cent 

per cent 

per cent 

per cent 

1 

11 5 

None 

<0 6§ 

<2 3§ 

3 3 

4 7 

1 


Phosphate ' 

<0 7§ 

<3 1§ 



1 

9 1 

None 

4 3 

3 8 



1 

S S 

Boratell 

4 9 

4 2 



1 

7 6 

None 

5 8 

5 0 



1 

7 5 

Phosphate 

1 Insoluble 

4 8 


1 

1 

6 1 

None 

te 

5 4 

1 


5 

11 1 


<0 6§ 

<2 6§ 

3 4 

4 6 

5 

7 4 

Phosphate 

Insoluble 

' 4 2 



10 

10 5 

None 

<1 o§ 

<2 0§ 

3 4 

4 7 

10 

8 2 

t 

3 9 

3 3 



10 

7 3 

Phosphate 

5 0 

3 9 



10 

6 0 

None 

Insoluble 

3 4 



10 

3 8 

It 

6 1 




10 

2 8 

(t 

5 1 




None 

11 7 

it 

6 0 

5 3 

3 8 

9 0 

Control 



5 8 

5 811 

3 8 

10 1 


* 50 mg of chymotrypsinogeu were allowed to react in a total of 3 to 4 ml When 
buffers i\ere used, these were present m approximately 0 1 u concentration Other- 
\Mse the pH was adjusted with 1 n sodium hydroxide or 1 n hydrochloric acid After 
reaction for 1 day at room temperature, the protein was isolated by dialysis and dried 
by lyophihzation The yields averaged 90 per cent Rate studies indicated that, 
at pH 11 to 11 5, the reaction had already proceeded to completion in 1 hour with 
formaldehyde concentrations of 0 3 or 1 2 per cent 

' fl^^^^pared as follows To 5 to 10 mg of the protein or protein derivative were 
added 1 ml of HjO, 0 1 ml of 3 4 m phosphate buffer (pH 7 6), and 0 5 ml of a centri- 
fuged aqueous extract (10 ml ) of 10 mg of commercial pancreatin The mixture 
was held at 40° for 3 days, and then diluted to 10 ml If solids were still present, 
they were removed by centrifugation, washed, dried, and weighed Aliquots of the 
soluble fraction were subjected to colorimetric, and generally also Kjeldahl, analyses 

t Calculated as tryptophane Without hydrolysis, the values were 3 2 and 3 6 
per cent, after alkaline hydrolysis 8 7 and 9 6 per cent, respectively, for treated and 
control preparations 

§ Based on readings of an atypical purple color 

11 Under conditions patterned after a technique of toxoid formation (34), that is, 
upon treatment with 0 25 per cent formaldehyde in borate buffer, pH 8 to 9, for 2 
weeks at 40°, the apparent tryptophane content of chymotrypsinogen was reduced 
to 2 0 per cent 

^ When formaldehyde was added to the digest (1 2 per cent of the protein), only 
4 2 per cent tryptophane was found 
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PROTEIN-FORiMALBEHYDE UBACTION IV 


Mode of GomUimkon of Formaldehyde — ^Earlier mvebtigators (7) have 
shown that the stable leaction product of tryptophane with foimaldehyde 
13 a cyclic compound (2,3,4,5-tetrahydrotarbohne-4-carbo\yhc acid), 
the formaldehyde cieating a methylene bridge between the ammo group 
and the a-carbon atom of the indole nucleus It remained to be determined 
whether formaldehyde acted on tryptophane m peptide linkage m a similar 
manner, yieldmg acyltetrahydrocarbolmecaiboxylic acid derivatives, or 
whether the aldehyde was bound m some other manner, the most likely 
bemg an addition, as a methylol (bydioxymethyl) group, to the mdole 


Table V 

Reaction of Tryptophane Residues of Tobacco Mosaic Ftrua with Formaldehyde 


RcacUou waditiona* | 

Analytical a 

Forroaldc 1 
hyde concen 1 
tration | 

Buder 

1 

1 

1 

1 

Final pH 1 

Phenol -h indole f , 

Trvptophan<* 

Unh>droIyxcd 

HBi 

juabydtolyMd 

Enzymatic 

digest^ 

Alkaline 

hydrolysis 

per cent 



per cent I 

per cent 

j per cent 

per cent 

per cent 

2 

Phosphate 

7 0 


6 3 

27 

2 6 

2 7 

1 4 

None 

11 0 

Insoluble 

4 a 

Insoluble 


2 4 

Control 



3 5 

6 6 

2 5 

2 6 

I 3 1 


* The experiments at neutrality were patterned according to Ross and Stanley 
(35) 3 per cent protein in 0 1 m, pH 7, phosphate buffer To obtain the alkaline 
medium 0 6 ml of n NaOH was added to 3 5 ml of tins virus solution, then water 
(1 5 ml ) to give a final protein concentration of 1 9 per cent Reaction was per- 
mitted to proceed for 20 hours at room temperature 
I Calculated as tyrosine 

X Both untreated tobacco mosaic virus and that treated ivith formaldehyde at pH 
7 0 had to be heat-denatured before enzyme digestion could proceed to such an 
extent that there was maximum release of Folin chromogemc activity This was not 
necessary for chymotrypsinogen, serum albumin, and insulin With regard to 
lysozyme, see foot-note 3 

§ Based on an atypical purple color 

nucleus The properties of the formaldehyde deiivatives of gramicidin 
clearly mdicate the formation of methylol groups Thus, elementary 
analyses agree with the methylol but not mth the methylene formulation 
(Table VI) Further, quantitative acetylation (29) mdicates the appear- 
ance of about one new hydroxyl group for each equivalent of formaldehyde 
combmmg with each tryptophane residue (Table III) The number of 
hydroxyl groups introduced can consequently be used as an additional 

indicating actual combination of these residues with formaldehyde The observation 
of Ross and Stanley that simple indoles react with formaldehyde at pH 7 is confirmed 
in the present study 
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means of ascertaining the late of, and the conditions favoring, the gramici- 
dm-formaldehyde leaction (Table III) The mtroduction of methylol 
gioups into gramicidin is m Ime vnth the in ci eased water solubihty of 
the foimaldehyde deiivative (Table III) (16) 

Fuithei confiimatory evidence for the methylol configuiation is derived 
from the compaiative lability of the linkage Treatment of methylol 
giamicidm with hot aqueous sulfuiic acid, either under the conditions of 
hydiolysis and distillation used to determine reversibly bound foimalde- 
hyde or of the chiomotropic acid method (19), hberated one-fifth to one- 
third of the formaldehyde bound by gramicidin That the hberated 
formaldehyde was not merely adsorbed was mdicated by the constancy of 


Table VI 

Composition of Gramicidin and Methylol Chramicidin'^ 



c 

H 

N 

Hydro^l 
groups per 
J0*gm t 


per cent 

per cent 

per cent 


Gramicidinf 

62 8 

7 44 

14 5 

6 

Gramicidin-formaldehyde product 

61 2 

7 40 

13 6 

25 

Calculated for methylol “ § 

61 5 

7 40 

13 7 

24 

methylene “ § 

63 4 

7 62 

14 1 

6 


* Averages of repeated analyses on many preparations, on a dry basis 

t By quantitative acetylation (29) Model substances gave values of 90 to 95 
per cent of the theoretical 

t From the known ammo acid composition of gramicidin, Synge (36) calculates 
that 144 C atoms should be present for 30 N atoms The data of Hotchkiss and 
Dubos (13), Tishler (37), and the analyses recorded here indicate 148, 153, and 152 C 
atoms for each 30 N atoms, respectively 

§ Based upon the assumption that gramicidin contains 40 per cent tryptophane 
(14, 16, 36) (19 6 residues per 10^ gm ) and that each typtophane residue adds one 
methylol (or methylene) group 

this value for many different preparations, mcluding both extensively 
heated and repeatedly recrystalhzed samples (1) Reactive phenohc 
methylol compounds, such as 2,6-dmiethylol p-cresol, are known to release 
some formaldehyde under similar conditions (38) Model experiments 
showed that under the distillation conditions used with gramicidm methylol 
skatole and methylol 2,3-dimethyhndole released 0 20 and 0 53 equivalents 
of formaldehyde, respectively 

More stnkmg is the effect of sodium hydi oxide on methylol gramicidm 
T his agent seems to split off the methylol group quantitatively Thus, 
alkah-treated methylol giamicidm shows the full chromogemc value of the 
origmal gramicidm Its hydroxyl groups are reduced to the number 
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PROTEIN-rOR\LUiDEHYDB REACTION IV 


occurnng m the original giamicidm, and it corresponds in elementaiy 
analyses closely to a control sample of giamicidm treated vitli alkali and 
isolated ui the same manner (Table YII) Skatole and 2,3-dimethyl- 
mdole could be regeneiated from thou respective methjlol denvatues 
undei the same conditions The chiomogenic actuity of othei simple 
mdoles, abolished by leaction wath fonnaldehyde, is also largely restored 


T\ble VII 

Effect of Alkali on Mclhylol Gramicidin 


Condiuons of treatments* ' 

1 

Anal> ticil results 

Sodium li> droxidc concentration 

] 

Temper | 
aturc 

j 

Ti^Tlophanc content | 

N 

Hjdrox>I 
groups per 
10* gm 5 

Unh>dro , 
bzedt 1 

Aad 

hjdroi>*.cdt 

] 

V 

"C 

per cent 

per cent 

per cent 


Meth>lol gramicidin 

None 


<10^ 

«7 

13 6 

25 


5 

78 

37--i7 

31 5 




5 1 

lott 

35-15 

36 2 

11 2tt 

0 


5 

23 

27 





1 

23 

<14*1 





0 1 

23 

<S^ 




Gramicidin 

None 


3o 

38 1 

14 5 

6 


5 

40 

1 

31 1 

14 2tt 



* In aqueous suspension Reaction period, 1 day When high temperatures were 
used, insoluble products were obtained 

t Approximate values The curve for unhj drol> zed gramicidin does not coincide 
with the standard curve for tryptophane 

t By a mixture of glacial acetic acid and 6 x hj drochloric acid (0 S 3) IS hours 
at 100° 

§ Calculated on the basis of the original gramicidin 

^ Based on the atypical purple color 

Insoluble humin (containing 25 per cent of the total nitrogen) separated during 
h> drolysis 

tt This propar ition contained 55 per cent of the hemolytic activity of gramicidin, 
compared to the value of 10 to 20 per cent found with numerous prepirations of 
methylol gramicidin 

tt These alkali-treated preparations of gramicidin and methylol gramicidin also 
had identical carbon (61 4, 61 4 per cent) and hydrogen (7 3, 7 3 per cent) contents 

by tbe action of sodivini liydi oxide (Table VIII) It is not suipiising that 
1 3-dimethylindole foims an exception, since this compound was foimd to 
yield a 2-inetbylene lather than a methylol deuvative 

The tiyptophane m fonnaldebyde-treated proteins was foimd to lesemble 
that of methylol giamicidm m regaimng much of its chiomogemc value 
upon treatment with sodium hydroxide (Tables IV and V) This may be 
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takea as evidence that protein indole gioups, hke those of granncidin, add 
the formaldehyde as methylol groups, an assumption which could not as 
readily be proved by analytical means foi piotems as it could be for 
gramicichn ® 

Location of Methijhl Groups — The location of the methylol groups on the 
indole nucleus remams to be discussed As pieviously mentioned, 3- 
substituted mdoles lose, upon reaction ivith formaldehyde, their chromo- 
genic activity ivith the p-dimethylammobenzaldehyde reagent The same 
IS the case mth 1,3-dimethyhndole (Table VIII) These obseivations 
appeared to provide evidence favormg addition of the formaldehyde to 


Table VIII 

Chr07nogentc Values of Indoles and Formaldehyde Dematives by Horn-Jones {22) 

Method for Tryptophane* 


Compound 

Molar 

chromogemc ! 
value 

Comments 

Skatole 

per cent 

78 

Blue-gray, fades 

Methylol skatolef 

0 

Brownish 

Benzoyltryptophane 

94 ; 

Blue, fades 

“ formaldehyde tieated (pH 

3 5) 

34 

Purple 

Indoleacetxc acid 

88 

Blue, fades 

formaldehyde treated (pH 7) 

1 

Purple 

1,3 Dimethylindole 

57 


Methylene bis (1,3 dimethylindole) t 

! 0 

1 Paint red 


* 2,3-DiTnethyhndole and carbazole (2,3-phenyIeneindole) gave no color at the 
usual time of reading and a slow development of a bluish color later 

t Treatment ^vlth 5 n sodium hydroxide at 53° for 18 hours regenerated chromo- 
genic activity from methylol skatole but not from methylene bis(l ,3 dimethylindole) 
(c/ Table VII) 

the 2-carbon atom, since aU mdoles with free 2 positions, and only these, 
give this typical mtense blue coloi ^ 

Further evidence for the location of the methylol groups was sought on a 
more strictly chemical basis than was afforded by coloiunetry The fact 

® At elevated temperatures (70°) , formaldehyde caused marked losses m the trypto- 
phane chromogemc activities of proteins even at neutrality, apparently more readily 
than IS the case for gramicidin under such conditions This has been tentatively 
attributed to the formation of methylene bridges between aminomethylol groups 
and indole rings This reaction will be discussed in a subsequent publication m 
conjunction with similar reactions involving other cyclic amino acid residues 

* However, a slow development of a purple-blue color was observed with carbazole 
and 2,3-dmietbyhndole 
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PROTEIN-FOR^LVLDEHYDE RE VCTION IV 


that skatole and mdoleacetic acid and its homologues bind up to 
1 equivalent of formaldehyde agiees vath the combmation of the aldeh 3 'de 
vnth either the nitrogen or the a-caibon atom, inthout fa\onng either 
position (Tables II and IX) It series to exclude the side cham of trj''pto- 
phane from plajung a lole m the leaction The properties of our methj'lol 
skatole, hoiievei, diffei significantly from those ascribed by Plant and 
Tomlmson (39) to 2-methylol skatole Paiticularl}", the lability of the 
skatole-formaldehyde reaction product m alkali differentiates it f^rom the 
known hydroxymethylmdoles and favors its fonnulation as an N-methylol 
compound 


Tible IX 

Reaction of Simple Indole Dcrualncs with Formaldehyde* 


Compound 

Final pH 

Formaldehyde bound 
per mole compound 

Benzoyltryptophane 

6 S 

mole 

0 9 

Indole-3-propionic acid 

G S 

0 9 

Indole 3 acetic acid 

G S 

1 0 

Skatole 

11 1 

1 0 


3 5 

0 G 

2, 3-Dimethylindole 

11 1 

0 5 


3 5 

0 7 

1,3 Dimethylmdole 

11 1 

0 1 


3 5 

0 4t 

1,2-Dimethyliiidole 3 acetic acid 

11 1 

0 1 


* 1 HIM of compound uas allowed to react with 4 to S imi of formaldehj de m 10 
ml total volume for 2 days at 53° The alkaline reaction mixtures contained 
0 03 N sodium hydroxide, acid mixtures, 0 1 n acetic acid 

f The reaction product crystallized and was identified as methjlene bis (1,3- 
dimethylindole) Thus, the reaction had proceeded to about SO per cent completion 

A comparison of the reactivity of 1,3- and 2 , 3-dimeth3’'lmdoles tow aids 
formaldehyde should demonstrate unequivocally the mode of attachment 
of the methylol group The results obtamed with these model indoles 
weie, however, not qmte conclusive (Tables II and IX) Both at loom 
temperature and at 53°, 2,3-dmieth3dmdole bound about 0 5 equivalent 
of formaldehyde m alkahne and acid media The reaction product was 
separated from unchanged 2,3-dimethyImdole and found to correspond to 
methylol dimethylmdole in its composition In contrast, 1 ,3-dimethyl- 
mdole did not react appreciably m alkahne solution, m acid solution a 
crystallme product which sepaiated proved to be methylene bis(l,3- 
dunethylmdole) (1 , 2-Dimethylmdole-3-acetic acid bound no appreci- 

A small amount of a crystalline product (less than 10 per cent) could also be 
isolated from alkaline reaction mixtures Its mtrogen content (9 2 per cent) cor- 
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able amounts of foimaldehyde in either alkaline or acid solution ) Thus, 
it appeals that, ui alkaline solution, only 2,3-dimethylmdole combmes 
with formaldehyde, although the icaction does not proceed as readily and 
completel}’’ as it docs with mdoles substituted only in the 3 position The 
piopeities of meth}lol skatole and the behavioi of the dimethylindoles 
thus fa\or the attachment of the foimaldehyde to the nitrogen, while 
the coloiimetiic evidence pomted towards an mvolvement of the 2 position 
of the mdole nucleus By analogy with the behavior of phenols and with 
other indole leactions, one may assume that the foimaldehyde piimarily 
reacts with the nitrogen but then may rapidly migrate to the 2 position 
if this position IS unsubstituted How^ever, it is equally possible that the 
migiation of the methylol gioup to position 2 occurs only during the 
colorimetric test, wdneh is always performed m hydrochloric acid This 
possibility IS supported by the observation that both methylol gramicidm 
and methylol skatole undergo immediate leactions when treated with 
hydrochloric acid at room temperature or at 0° m glacial acetic acid solu- 
tion Both methylol products are transformed mto yellow to red-brown 
precipitates, while unmodified giamicidm and skatole are unaffected by 
similar treatment The nitrogen content of neithei methylol compound 
IS altered, but their chiomogenic activities can no longer be regenerated by 
treatment ivith alkah Thus, while it has not been possible to crystalhze 
the acid-treated methylol skatole or to identifiy it with Plant and Tomhn- 
son’s (39) 2-methylol skatole, mdications aie that the acid conditions of 
the test cause the change responsible for the loss m chromogenic activity 
of formaldehyde-treated mdoles Thus, the evidence favors the attach- 
ment of the methylol gioup to the nitrogen as mdicated by formula I 
Of two other attempted approaches to the problem, one has given no 
answer and the other favored the above conclusion Acetic anhydride 
treatment of gramicidm m glacial acetic acid (m contrast to pyndme) has 
been found to yield a product contammg considerably more acetyl groups 
than correspond to its hydroxyl content, which thus have been allocated 
to the only other polar groups, that is, the mdole groups (16) Since this 
product had*the full chromogenic value of gramicidm and gave off acetic 


responded to methylene bis (1,3 dimethylmdole), yet it differed from this product, 
as formed in acid media, by a slightly higher melting point (158°) The mixed melting 
point between the tw o sho\^ ed a marked depression (125-130°) 

“ Other gramicidin derivatives carrying substituents on the indole mtrogen, 
notably the sulfamate and the acylated products, show the chromogenic value cor- 
responding to their original tryptophane contents (16) The different behavior 
of these and the formaldehyde derivative is understandable in view of the known 
reversibility, by acid hydrolysis, of all but the formaldehyde fixation Thus the 
sulfate group or vanous acyl groups tend to be split off rather than to migrate to the 
2 position 
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PUOTdN-FORMALDDHYDE REACTION IV 


and conditions may not affect the mdole groups of giamicidm,^- nor have 
they been sIio^to to act on these groups m any typical piotem 
Thus, theie aie mdications that the desnable eflfects (leduction of 
toxicity without loss of antigenicity) may be pioduced by modifying the 
mdole groups m some and the ammo, or possibly both types of groups, m 
other toxic protems However, the tobacco mosaic vuxis protem, probably 
the most exliaustively studied m this regard, represents fuither problems, 
masmuch as it is not mactivated by ac^dation of its ammo groups (43), but 
IS mactivated by foimaldehyde (35, 14) under conditions m which few if 
any of its mdole groups appear to react 
It is of interest that ‘^lydioxy alkylation” has been shown to leduce the 
toxicity of several pharmacologically active synthetic compounds (45) 

SUMAURY 

Giamicidm bmds rapidly m alkalmc solution an amount of formaldehyde 
eqmvalent to its tryptophane content In acid solution the reaction 
proceeds only at high tempeiatuie and foimaldehyde concentrations 
The foimaldeh 3 ’’de adds as methylol groups piobably to the nitrogen of 
the mdole imgs Formaldehyde is released only paitially durmg acid 
hydrolysis, but completely and without damage to the giamicidm molecule 
in strong alkali 

The chromogenic activity of the tryptophane residues is largely abohshed 
through combmation with foimaldehyde and legeneiated by strong alkali 
The tryptophane residues of piotems appear to leact mth formaldehyde 
under the same conditions and m a manner similai to those of giamicidm 
At loom temperature there is httle leaction at pH 7 to 8, even at high 
formaldehyde concentration, but at pH 11 the leaction is completed rapidly, 
even at low foimaldehyde concentration 

All 3-substituted mdole denvatives, mcludmg protems iich in trypto- 
phane, bmd formaldehyde m boihng n to 20 n sulfuric acid 
Simple 3-substituted mdoles bmd up to 1 mole of foimaldeh^’^de at room 
temperatuie, both m alkahne and m acid solution 2,3-Dimethylmdole 
reacts mcompletely, even at elevated tempeiature 1,3-DimethyhndoIe 
reacts appreciably only m acid yieldmg methylene bis(l ,3-dimethylmdole) 
Pure methylol derivatives were obtamed fiom skatole and 2,3-di- 

12 Experiments to introduce acetyl groups on the indole residues of gramicidin 
with ketene w ere ambiguous A vigorous stream of ketene as passed into a suspen- 
sion of gramicidin in a 1 m solution of sodium acetate for 30 minutes (at 0°) The 
solution was kept slightly alkaline by the simultaneous addition of 1 u sodium 
hydroxide The isolated gramicidin as found to have an acetyl content correspond- 
ing only to its hydroxyl groups (six per 10' gm ) but not to its indole content 
(19 6 per 10' gm ) Somewhat more acetyl was introduced w hen granucidm was 
extensively ketenized in alcoholic solution 
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methylindole 1 ,2-Diinethylindole-3-acetic acid does not react with form- 
aldehyde 

The authoi-s are mdebted to L M White and G Secor for numerous 
elementary analyses, to J C Leivis for the assays for antibacterial activity, 
to K P Dimick for the assays for hemolytic activity, to B G Edwards for 
determinations of solubility, and to C Cleaver, S Ahnger, and E D Ducay 
for valuable technical assistance 

BIBLIOGmVPHY 

1 Fraenkel-Conrat, H , Brandon, B , and Olcott, H S , Federation Proc , 6, 134 

(1946) 

2 Fraenkel-Conrat, H , Cooper, M , and Olcott, H S , / Am Chem Soc , 67, 950 

(1945) 

3 Fraenkel-Conrat, H , and Olcott, H S , / Am Chem Soc , 68, 34 (1946) 

4 Brandon, B A , and Fraenkel Conrat, H , Abstracts, American Chemical Society, 

Division of Biological Chemistry, Atlantic City (1946) 

5 Wadsworth, A , and Pangborn, M C , / Biol Chem , 116, 423 (1936) 

6 Holden, H F , and Freeman, M , Australian J Exp Biol and Med , 8, 189 

(1931) 

7 Jacobs, W A , and Craig, L C , / Biol Chem , 113, 759 (1936) 

8 Neuberger, A , Biochem J , 38, 309 (1944) 

9 Velluz, L , Compt rend Soc biol , 127, 35 (1938) 

10 Baudouy, C T , Compt rend Acad , 214, 692 (1942), Bull Soc chim hiol , 24, 

251 (1942) 

11 Nitsdinann, H , and Lauener, H , Helv chim acta, 29, 174, 180, 184 (1946) 

12 Swam, A P , Hokes, E L , Hypp, N J , Wood, J L , and Jact^on, R W , Ind 

and Eng Chem , in press 

13 Hotchkiss, R D , and Dubos, R J , / Biol Chem , 132, 791, 793 (1940) 

14 Hotchkiss, R D , in Nord, F F , and Workman, C H , Advances in enzymology 

and related subjects, New York, 4, 153 (1944) 

15 Lewis, J C , Dimick, K P , Feustel, I C , Fevold, H L , Olcott, H S , and 

Fraenkel-Conrat, H , Science, 102,274 (1945) 

16 Fraenkel-Conrat, H , Lewis, J C , Dimick, K P , Edwards, B , Reitz, H C , 

Ferrel, R E , Brandon, B A , and Olcott, H S , Proc Soc Exp Biol and 
Med , 63, 302 (1946 

17 Highberger, J H , and Retzsch, C E , J Am Leather Chem Assn , 33, 341 

(1938) 

18 Nitschmann, H , and Hadorn, H , Helv chim acta, 24, 237 (1941) Nitschmann, 

H , Hadorn, H , and Lauener, H , Helv chim acta, 26, 1069 (1943) 

19 MacFadyen, D A , J Biol Chem , 168, 107 (1945) 

20 Yoe, J H , and Reid, L C , Ind and Eng Chem , Anal Ed , 13, 238 (1941) 

21 Carpenter, D C , Arch Biochem , 9, 159 (1946) 

22 Horn, M J , and Jones, D B , J Biol Chem , 167, 153 (1945) 

23 Herriott, R M , J Gen Physiol , 19, 283 (1935) 

24 Herriott, R M , J Gen Physiol , 21, 601 (1938) 

25 Miller, G L , J Biol Chem , 146, 339 (1942) 

26 Alderton, G , Ward, W H , and Fevold, H L , J Biol Chem , 167, 43 (1945) 



118 


PROTEIN-FOnaULDEHYDB RE \CTION IV 


27 Reitz, H C , Ferrel, R E , Fraenkel-Conrat, H , and Olcott, H S , J Am Chem 

^oc , 68, 1021 (1946) 

28 Glendeniug, M B , Greenberg, D M , and Fraenkel Conrat, H , / Biol Chem , 

167, 125 (1947) 

29 Stodola, F , Mxkrochcmic, 21, ISO (1937) 

30 White, L M , and Sccor, G E , Ind and Eng Chem , inal Ed , 18, 157 (1046) 

31 Snyder, H R , and Smith, C W , / Am Chem Soc , 65, 2452 (1943) 

32 Degcn, J , Ann Chem , 236, 151 (1SS6) 

33 Brand, E , and Kossell, B , J Gen Physiol , 26, 167 (1911) 

34 Farrell, L, Canad J Pub Health, 34, 130 (1913) 

35 Ross, A F , and Stanley, W M , / Gen Physiol , 22, 165 (1938) 

36 Synge, R L M , Bxochem J , 39, 355 (1915) 

37 Tishler, IM,U & patent 2,365,499 (1911) 

38 Ullmann, F , and Bnttner, K , Bcr chem Ges , 42, 2539 (1909) 

39 Plant, S G P , and Tomlinson, ML,/ Chem Soc , 955 (1933) 

10 Dubos, R J , and Geiger, J W , / Exp Mtd , 84, 113 (1916) 

41 Pappenheiiner, V M , Jr , / Biol Chem , 126, 201 (1938) 

42 TrefTers, H P , Science, 103, 387 (1946) 

43 Miller, G L , and Stanley, W AI , J Biol Chem , 141, 905 (1911) 

44 ICassanis, B , and KleGzko\\ski, A , Biochcm J , 38, 20 (19-11) 

45 Cretcher, L II , and Pittenger, W H , / Am Chem Soc , 47, 2560 (1925) Afor- 

gan, M S , and Cretcher, L 11 , J* A 7/1 Chem Soc , 68, 781 (1046) 



NOTES ON THE USE OF REDISTILLED WATER AND OF 
.UMYLOSE IN THE ESTIMATION OF SERUM IODINE 

By EVELYN B MAN vnd DOROTHY A SIEGFRIED 

{From Ihe Department of Psychiatry, Yale University School of Medicine, 

New Haien) 

(Received for publication, December 11, 1946) 

In the original desciiption of the permanganate acid ashing micro- 
method for lodme determmations (1), the technique was given for redistd- 
lation of water from a reservior contammg potassium carbonate or hydrox- 
ide No data were presented to emphasize the importance of making the 
water alkahne and of redistillation When tap water, which frequently 
contains more than 10 7 of lodme per hter, is distilled m equipment of the 
type customarily employed m chemical laboiatones, the pioduct may con- 
tam more than 0 5 7 of lodme per hter This is as much as that present m 
10 cc of serum from a euthyroid mdividual A commercial ‘‘demmerahzer’' 
yielded water free of lodme for only a short time On the othei hand, when 
distilled water was made alkahne and redistilled in a glass flask, the product 
was regularly foimd to contam no determmable lodme m a 500 cc sample 

In the permanganate ashing method as previously desenbed (1), the 
color m the visual titration may vary from pink to purple When the 
‘‘soluble*’ starch was replaced by amylose (2), the color was a clear blue, 
but the titers were found to vary appreciably with the concentration of 
amylose ^ For example, 0 05 cc of 0 01 per cent amylose gave theoretical 
titers, but with 0 05 cc of 0 025 per cent amylose, high titers were found, 
complete color did not develop ongmally m proportion to the micro amounts 
of lodme, photometric zero pomts of amylose-iodme solutions changed 
withm 5 minutes or less m solutions contammg salts and large amounts of 
sulfuric acid 
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DINICOTINYLORNITHINE A METABOLITE OF 
NICOTIN.UilDE IN THE CHICKEN 

W J DANN AND JESSE W HUEF* 

{From Ihc Dc])arimcnt of Physiology y Pharmacology y and Nutritioiiy and the 
Department of Biochemistry y Duke University School of Medicinej 
Durham y North Carolina) 

(Received for publication, December 18, 1946) 

In the course of experiments on the effect of high levels of mcotmaimde 
m the diet of the chick (1) an attempt was made to identify the form or 
foims in which the mcotmaimde was excreted Early attempts to identify 
the metabohtes excreted by buds ingesting mcotimc acid had been made by 
Komon and Sendju (4), who gave daily doses of 1 gm of mcotimc acid in 
the form of the sodium salt for 10 days both to a pigeon and to a hen The 
urine u as collected and from the pigeon 3 5 gm and from the hen 3 7 gm 
of mcotimc acid were recovered, the authors wrote “Aus dei von Nikotin- 
same abfiltiierten Losung konnten wir eine zweite Substanz mcht 
auflSnden The expeiiments described below sho\A^ however, that a 
chaiactenstic derivative of mcotimc acid is excreted by the chicken ^ 
Estimations of the mcotimc acid content of the droppings of chicks fed 
a mash contaimng 2 pei cent added mcotmamide were made by us before 
and after hydrolysis with 2 n alkah It was found that the apparent 
mcotimc acid content after hydrolysis Avas 20 to 40 per cent higher than 
before, indicating the presence of a metabohte contaimng mcotimc acid 
and developing in the Komg reaction less coloi than the mcotimc acid 
which it contained Apphcation of the method of Sarett (6) failed to show 
the presence of any methylated denvatives of mcotimc acid such as tngonel- 
line or N-methylmcotinamide in the excieta 
When fresh droppings were boiled for an hour in 5 times their weight 
of water and centrifuged, the unchanged mcotimc acid plus metabohtes 
could be concentrated by adsorption on Lloyd's reagent at pH 0 6, and 
subsequent elution with 0 5 N KOH Such elutes, on adjustment to pH 1 
or 2, Avere extracted continuously Avith ethyl ether, Avhich removed un- 
changed mcotimc acid The extracted aqueous solutions then had an 
apparent mcotimc acid content after alkahne hydrolysis 4 5 times greater 
than before, Avith the Komg reaction AAuth CNBr and metol Of knoAvn 

♦Nutrition Foundation Fellow Present address, Medical-Research Division, 
Sharp and Dohme, Inc , Glenolden, Pennsylvania 

Our thanks are due to the Nutrition Foundation, Inc , and to the Duke Uni- 
versity Research Council for grants in aid of this work 
^ A preliminary account of this w ork has been published (2) 
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mcotimc acid derivatives nicotmuric acid shows the greatest ratio of 
apparent nicotinic acid contents aftei and befoic hydrolysis, its ratio being 

4 1 Those measurements on partly purified extracts of chick droppings 
therefore indicate the presence of a previously unknown metabolite 

Isolation of Metabolite 

Since the development of this w ork depended upon the use of a simple 
techmque both for the identification and the quantitative estimation of the 
metabolite during the course of the isolation, a desciiption of this techmque 
IS given first 

Colonmetnc Determination of Metabolite — The unknown substance can 
be measured quantitatively by the Komg reaction for pyridine denvatives 
employing CNBr and amlme, accoiding to the folloivmg procedure To 

5 ml of an aqueous solution of the metabolite there are added 5 ml of 
ethanol (95 per cent), 1 ml of 1 at phosphate buffer (pH 7 0), 4 drops of 
saturated aqueous amlme, and 0 4 ml of 3 per cent CNBi solution After 
standing 20 nnnutes the yellow coloi is measured in the Evelyn colorimeter 
against a reagent blanlc prepared m the same manner, with the 420 m/i 
filter A solution containing 15 y of nicotinic acid, treated as above, was 
used as the reference standard Treatment of the metabolite ivith CNBr 
and amlme as described, following hydrolysis for 1 houi in 2 N KOH, 
resulted in a 6-fold inciease in the color produced The ratio of 1 6 of the 
color intensity before and after alkahne hydrolysis was used as an index 
to identify the unknown substance qualitatively This method of employ- 
ing amlme instead of metol was used in place of the method of Peilzweig, 
Levy, and Sarett (5), on account of its greatei speed 

Isolation of Metabolite from Excreta — Droppings were collected over a 
penod of 6 days from 3 to 4 week-old chicks maintained on a practical 
ration contaimng an added 2 per cent mcotinanude Aftei diying m an 
oven at about 125° for 24 hours, the excreta were giound to a fine powder, 
and weighed 640 gm The dried mateiial was exti acted by boihng for 1 
hour with three 1 liter portions of absolute methanol The alcohol w'as 
removed from the extract by vacuum distillation and the lesidue taken up 
in 200 ml of water 

This dark colored extract, which contained the metabohte as well as large 
amounts of unchanged mcotinic acid, nicotinamide, and other impurities, 
was adjusted to pH 3 5 with dilute H2SO4 and placed m a continuous ether 
extractoi for 48 hours The ether extiact at the end of this time contained 
all of the free mcotimc acid and mcotinamide present in the onginal 
extract, as well as a poition of the dark pigments There was no loss of 
the metabohte by this process 

The dark aqueous solution, now fiee of mcotimc acid, was warmed on 
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the steam bath to free it from ether and then cleared of pigments by 
stirring for 1 hour with 25 gm of basic lead acetate The filtrate after 
removal of excess lead with H2SO4 was evaporated to about 100 ml on the 
steam bath under a cm lent of an This solution was adjusted to pH 10 
with Ba(OH)2, distilled under vacuum until free of ammoma, and the so- 
lution was finally evaporated to near dryness The last traces of water 
were removed by vacuum desiccation 

The diied material, which is extremely hygroscopic, was extracted by 
stirring for 30 minutes with three 100 ml portions of absolute ethanol at 
50"^ The residue from this treatment contained insigmficant amounts of 
the metabohte and was discarded The alcoholic filtrates and washings 
were evaporated to about 150 ml and placed in the ice box overmght 
The dirty gray precipitate which formed was removed, washed with cold 
ethanol, and discarded The alcohohe solution was evaporated almost 
to dryness, the residue taken up in 150 ml of HoO, and the barium removed 
quantitatively with H2SO4 The BaS04 precipitate was washed free from 
adhenng amounts of the metabohte by boiling with water The filtrate 
and washings were evaporated on the steam bath under a current of air to 
a thick amber-colored oil 

The oil was taken up m 75 ml of 95 per cent ethanol, 70 ml of saturated 
alcohohe HgClo solution were added and finally the solution was saturated 
with powdered HgCh The mixture was allowed to stand overmght at 
room temperature The voluimnous precipitate (43 gm ) was removed by 
filtration and boiled with three 50 ml portions of 95 per cent ethanol 
These alcoholic washings were discarded The residue was then boiled 
with successive portions of water until the water washings no longer became 
cloudy on coohng These washings were also discarded There remained 
after this treatment 13 gm of water-insoluble, amorphous HgCh salt of 
the metabohte and of othei substances 

The amorphous mateiial was ground to a fine powder, suspended m 75 
ml of water, and the mercury removed with H2S After filtering and 
washing the H2S precipitate ^vlth hot water, the filtrate and washings were 
evaporated almost to dryness The dark oily residue was taken up in 50 
ml of 95 per cent ethanol and treated with a saturated alcohohe solution of 
picrolomc acid After standing for 2 hours, the solution was concentrated 
to one-half of its volume, cooled, and filtered with suction The very dark 
filtrate which contained no sigmficant amount of the metabohte was 
discarded Theie were obtained fiom this treatment 4 0 gm of a picrol- 
onate which was recrystalhzed from boihng water The picrolonate 
of the metabohte at this point was contaminated with a small amount 
of the picrolonate of at least one other base, which could not be separated 
by fractional ciystalhzation The mixed picrolonates were dissolved m 
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75 ml of hot dilute hydrochloric acid, cooled, and the piciolonic acid 
lemoved by e\traction with ether The aqueous acid solution was evapo- 
rated to a dark, viscous lesiduc, which w^as veiy hygioscopic and could not 
be crystalhzed This daik lesidue w^as dissolved m 10 ml of winter, and 
titiated potentiometiically to the fii'st inflection point (pH 5 5 to 7 0) wuth 
1 N KOH solution The w^atei was removed by evaporation and the 
residue dried in a vacuum desiccator The dried residue (still hygroscopic) 
was extracted by boiling with three 5 ml portions of absolute ethanol, the 
extracts weie cooled, the piecipitate (KCl) was lemoved and discarded, the 
filtrate was evaporated and finally diied in a vacuum desiccator The 
diied daik hygroscopic lesidue w^as stared foi a few minutes with 5 ml of 
cold (15°) absolute ethanol and filtered with suction After w^ashmg wuth 
cold ethanol theie lemained on the filter 700 mg of the metabohte as a 
wdnte non-h 3 ^gioscopic solid 

Structiue of MetahoUte 

Pioperties of Meiabolito — The metabohte was obtained as its potassium 
salt, a w^lnte ciystalhne solid melting at 202-263° (in a copper block 
previously heated to 236°) aftei tw^o leciystalhzations fiom 98 pei cent 
ethanol It is soluble in water and alcohol, spaiingly soluble in absolute 
ethanol, and insoluble in ethei , acetone, and chloroform A small portion, 
when burned down on a platinum hd, gave a w hite ash, w^hich was alkahne 
in leaction The compound is of basic nature, as is evidenced by the 
formation of insoluble derivatives with HgCk, AuCh, picric acid, and 
picrolomc acid 

An elementary analysis suppoits an empiiical formula of 
corresponding to a molecular w^eight of 380 4 

Calculated C 53 67, H 4 50, N H 73, K 10 28 

Found “ 53 93 “ 4 42 ** 14 40 “ 10 50 

** 53 64 “ 4 19 “ 14 76 10 28 

The mcotimc acid content of the compound w^as observed to be 62 8 and 
63 2 per cent in dupheate analyses, theoietical value is 64 7 

Heating an aqueous solution of the compound wuth CNBi at 75° foi 5 
minutes, coohng, and adding satuiated aqueous amline gave the chaiacter- 
istic yellow color pioduced by pyridine and its derivatives This indicates 
the piesence of pyridine mtiogen in its uncombined teitiaiy state The 
substance w^as also treated mth CNBi and metol by the method of 
Peilzweig el al (5) foi the coloiimetric deteimination of mcotimc acid, and 
shown to give a color equivalent to 0 16 of that pioduced by mcotimc acid 
The lesults are lecoided in Table I A similai measuiement earned out 
aftei boihng the substance for 1 houi with 2 n KOH showed a 4 044old 
increase m the color, indicating the hbeiation of a mcotimc acid-hke 
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substance during hydiolysis Calculated as nicotinic acid, this substance 
represented 63 0 pei cent of the compound The metabohte is not hydro- 
lyzed by boihng with 6 N HCl for 1 hour 
Treatment of a small amount of the metabohte mth mnhydnn gave no 
color reaction However, the addition of this reagent to a neutrahzed 
alkaline hydrolysate of the metabohte pioduced an intehse violet color 
This indicates the liberation of an amine or an a-amino acid during the 
hydrolysis The extieme stabihty of the compound to acid hydrolysis 
would pel haps indicate a peptide-hke substance rather than an amide 
A large sample of the metabohte was hydrolyzed ivith alkah and the 
components isolated and identified as mcotimc acid and ormthine in the 
following manner. 


Table I 

Comparison of L Values Obtained by Colorimetric Determination of Metabolite before 
and after Hydrolysis^ with Two Different Amines in Color Reactions 
To bring the readings withm the accurate range of the instrument, 100 y of dinico- 
tmylornithine were used for the readings in the first line, but only 10 y for those of 
the second line, for which the greater color of the products of hydrolysis was meas- 
ured 



L value • 


Metol method 

Aniline method, 


(Perlzweig et al (5)) 

present paper 

100 y dimcotmylormthine 

0 421 

0 124 

10 y after alkaline hydrolysis 

0 170 

0 075 

7 19 7 mcotimc acidf 

0 171 

0 074 

10 y mcotimc acid 

0 238 

0 105 


* Evelyn photoelectric colorimeter 

t The amount of nicotinic acid obtained by hydrolysis of 10 y of dimcotinylor- 
mthine 


Hydrolysis of Metabolite — To 850 mg of the metabohte were added 25 ml 
of water and 9 gm of Ba(OH)2 8H2O, and the mixture was boiled under 
refiux for 3 hours in the absence of CO2 There were added 0 7 ml of 
10 N NaOH solution and CO2 was passed thiough the still hot solution until 
the precipitation of barium ivas complete The precipitated BaCOa was 
washed by boihng four times with 15 ml portions of water The filtrate 
and washings were adjusted to about pH 3 with HCl, the CO2 allowed to 
boil off, and the solution was evaporated to a volume of about 50 ml 
Isolation and Identification of Nicotinic Acid — ^The hydrolysate (pH 3), 
which contained 570 mg of the mcotimc acid-hke substance expressed as 
mcotimc acid, was placed in a contmuous ether extractor for 24 hours 
At the end of this time the ether contained by direct measurement with 
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CNBr and aniline all the nicotinic acid-like substance originally present m 
the hydrolysate The aqueous solution (now fiee of the nicotinic acid- 
lilce substance) was reserved for the isolation of the amine-hke substance 
The ether extract was evaporated todiyness, the slightly discoloied residue 
was talcen up in 30 ml of ivater and cleared by shalcing with about 200 mg 
of Darco charcoal The solution was evaporated to 20 ml and placed in 
the refrigerator for 2 days The crop of crystals was w^ashed with cold 
water, alcohol, and finally ether The yield was 425 mg of small needle-like 
crystals The melting point was 237-238° (uncorrected) The mixed 
melting point with nicotimc acid was unchanged A sample of the isolated 
material gave the same amount of color when tieated with CNBr and 
metol, according to the method of Perlzweig et al (5), as did an equal 
weight of mcotimc acid Nitrogen deteiminations by the method of 
Shirley and Becker (8) gave identical values with the isolated substance 
.and with mcotimc acid ^t is thus established that the mcotimc acid-hke 
substance produced by the hydrolysis of the metabohte with alkah is 
identical with mcotimc acid 

Isolation and Idenhficaiioii of Ornithine — The aqueous hydrolysate now 
freed of mcotimc acid by ether extraction was evaporated to a volume of 
about 10 ml , adjusted to pH 9 7 with KOH, and the evaporation continued 
nearly to dryness The residue w^as extracted by boihng with three 5 ml 
portions of absolute ethanol and the remaimng residue (KCl) was dis- 
carded After cooling in an ice bath, the alcoholic extract w^as filtered and 
the ethanol lemoved fiom the filtrate by evaporation The residue was 
taken up in 10 ml of H 2 O, adjusted to pH 7 0 with HCl, and the shghtly 
discolored solution cleared by boihng for a few minutes with 100 mg of 
Darco charcoal Aftei filtering, the clear colorless filtrate was taken to 
dryness The white residue was refluxed with 3 ml of 75 per cent ethanol 
until dissolved Absolute ethanol was added until a faint cloudiness 
appeared The solution was placed m the lefrigerator until crystalhza- 
tion was complete There were obtained, after filteimg and washing ivith 
absolute alcohol, 225 mg of a white ciystallme compound as its hydro- 
chloride The substance melted at 210-211° (uncorrected) after two 
recrystalhzations from 80 per cent ethanol 

A chloride deterimuation showed the compound to contain 21 1 per cent 
chlorine, mdicating a molecular weight of 168 The melting pomt, the 
molecular weight, and the fact that chicks have been shown to conjugate 
admimstered benzoic acid with ormthine suggested the possible identity 
of the above substance The mixed melting point of the isolated substance 
and the dl-ormthine hydrochlonde was 210-211° (uncoirected) Orni- 
thunc acid was prepared fiom dZ-ormthine, according to the method of 
Schvdze and Wmterstem (7) A similar derivative prepared from the 
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isolated material also melted at 181-182° The mixed melting point with 
ormthuiic acid was unchanged It is thus estabhshed that the anune-like 
substance produced by the hydrolysis of the metabohte with alkah is 
identical with ormthine 

On the basis of the foregoing evidence the metabohte contains ormthine 
and mcotmic acid coupled by a peptide link Nicotimc acid and the ammo 
acid are present m the molecule in the molar ratio of 2 1, as indicated by 
the elementary analyses and by the content of mcotimc acid The metab- 
ohte therefore has the structure shown in the accompanying diagram 

CHo— CHs— Ca— CH— COOH 


NH 


c=o 

N 


NH 





N 


(2, 5-Dinicotinylormthine) 


It is of interest to note that this formula is exactly analogous to that of 
ormthunc acid (dibenzoylorni thine), which is excreted by the chicken after 
feeding benzoic acid (3) 


SUmiARY 

The excreta of chicks appealed to contain more mcotimc acid after 
alkahne hydrolysis than before, indicating the presence of a hydrolyzable 
compound of mcotimc acid 

This substance has been isolated from dried chick droppings A useful 
step in the isolation was the removal of uncombined mcotimc acid from a 
crude extract contaimng both free and combined mcotimc acid by con- 
tinuous extraction of the aqueous solution with ethyl ether at a low pH 

The metabohte contaimng combined mcotmic acid was identified as 
dimcotmylormthine After hydrolysis the mcotmic acid and ormthine 
were isolated and identified 
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THE XJHINARY EXCRETION OP A 
PAT-MOBILIZING AGENT* 

RUDOLF WEIL and DeWITT STETTEN, Jr 

(From the Dcparimcni of Biochemialry ^ College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, December 27, 1946) 

The work of Schoenheiraer and his collaborators (1) has amply demon- 
strated that the appaient constancy of the quantity of fat m the normal 
adult mammal results, not from the chemical mertia of the fat depots, but 
rather from the nice balance between processes leadmg to the deposition 
of fat and processes leadmg to its mobihzation and utihzation A decrease 
m the magnitude of the fat depots may occur mcident to dmunution m the 
rate of fat synthesis, and mdeed such a retardation has been shown to 
occur m thiamme deficiency (2) and m diabetes (3) The magnitude of 
the fat depots may obviously also decrease as a result of mcreased mobi- 
hzation of depot fat, and the fact that hpemia and fatty hver are frequently 
observed durmg starvation or uncontioUed diabetes suggests that this 
process is contributmg to the loss of adipose tissue 

An agent of biological origm endowed with the specific capacity of ac- 
celeratmg the mobilization of depot fat has been described by Best and 
Campbell (4) as occurrmg m the anterioi pituitary gland This pituitary 
adipokmm^ which may be concentrated fiom aqueous extracts of beef 
anterior pituitary glands by precipitation, at pH 5 2, with 2 volumes of 
alcohol, produces, when mjected mto the fasted mouse, an mcrease m the 
quantity of hver fat which is, withm limits, Imearly related to the dose m- 
jected Thus the analysis of the mouse hver for fat provides a convement 
assay method for this adipokmetic prmciple (5) That the fat which 
accumulates m the hver after the administration of pituitary adipokmm 
arises at the expense of preexistmg depot fat has been shown by Barrett, 
Best, and Ridout (6), and agam by Stetten and Salcedo (7) The physio- 
logical significance of this depot fat-mobihzmg material is mdicated by the 
finding that hypophysectomized rats, kept on a suboptimal diet, lost less 
depot fat than did control animals on the same diet (8) , conversely, forced 
feedmg of hypophysectomized rats led to excessive adiposity (9-11) 

The possibihty that the rate of mobihzation of depot fat is mfiuenced 

♦ This work was earned out with the aid of grants from the Nutntion Foundation, 
Inc , and the Josiah Macy, Jr , Foundation 

^ To attain brevity, we propose the word ^‘adipokimn” to desenbe any material 
which favors the mobilization of depot fat and the adjective adipokmetic** to de- 
scribe this activity 
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by the liberation, from the anterior pituitary gland, of a specific adipokinetic 
substance, has therefore been investigated In these experiments whole 
pituitary glands were removed fiom freshly killed normal adult rats One, 
two, or three such glands were finely ground witli 1 cc of saline, and the 
resultant pulp mjected subcutaneously mto an adult female mouse After 
10 hours mthout food, the mouse was killed and the hver was pulverized 
with an excess of anhydrous Na2S04 This powder was extracted for 48 
hours with CHCI3 m a Soxlilet apparatus, and the weight of the fat-soIuble 
material deternnned after removal of the solvent In Table I the effect 
upon mouse hver fat of the uijcction of one, two, or three rat pituitanes 
is compared \vith a control senes m which 1 cc of saline was mjected 

Table I 

Effect of Injection of Whole Eat Pituitary Glands uyon Fat Content of Liters of Fasting 

Mice 


The whole pituitary glands from one, tw o, or three normal adult rats were finely 
ground in 1 cc of saline and the entire mass injected into a fasting mouse The fat 
content of the mouse liver uas determined after 10 hours 


No of rat ! 
u pituitanes per 
j mouse | 

No of mice 

Weight of mice 

Mean liver 
wcicbt 

Mean liver fat 

Mean liver fat per 100 
gm body weight 



fm 

sm 

nts 

me 

0 

21 

20-26 

1 466 

74 3 

328 13* 

1 

9 

20-23 

1 535 

138 8 

628 ± 34 

2 

10 

20-26 

1 771 

211 6 

' 937 zt 41 

3 

5 

21-25 

1 757 

303 4 

1167 db 78 


♦ Probable error = d=0 G745 A / 

y n(n - 1) 


The proportionality between the quantity of pituitaiy material mjected 
and the quantity of accumulated liver fat, previously repoited by others 
( 5 ), is at once apparent This appioach was theiefore applied to a study 
of the problem of variations m the adipokinetic activity of pituitary glands 
that might result from fasting or from diabetes From a few piehmmaiy 
experiments, however, it was apparent that no significant variations from 
the normal would be demonstrable by this crude assay technique when 
the pituitary glands of previously fasted or alloxan-diabetic rats were com- 
pared with normal glands 

The possibility was theiefore entertamed that, m spite of the absence 
of demonstrable vaiiation m the adipokmetic activity of the pituitary 
glands, m these conditions, variations might occur m the quantity of 
adipotom released under conditions of starvation or diabetes, and that 
this might m turn be reflected by variations m the analogous activity of 
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the urine 2^1 hour urine samples were collected from pairs of young rabbits 
of opposite sex The pH of the urme was adjusted to 5 2 by the ad- 
dition of HCl, and 2 volumes of alcohol were added The resultant dried 
precipitate was treated mth 2 cc of very dilute Na 2 C 03 solution, cen- 
tiifuged, and 0 6 cc of the clear supernatant mjected into a mouse After 
10 hours of fastmg, the mouse hvers were analyzed for total lipide, as 
described above The same procedure was repeatedly performed on the 
same rabbits with one variation Piior to and durmg certam of the penods 
of urme collection, the rabbits weie fed ad hbitum^ while other penods of 
urine collection were preceded by 24 hours of fastmg, which was contmued 
durmg the period of collection 

From the values m Table II, it will be seen that the hvers of mice re- 
ceivmg urme extract from normally nourished rabbits are no richer in fat 

Table II 

Effect of Fasting upon AdipoLinetic Activity of Rabbit Urine 
An extract from the urine of pairs of rabbits has been assayed by the injection 
into fastmg mice and determination of the fat content of the mouse hver after 10 
hours Urine samples from normally fed, from previously fasted, and from diabetic 
rabbits have been compared with saline by this procedure 


Matenal injected 

No of 
mice 

Weight 
of mice 

Mean 

liver 

weight 

Mean 
liver fat 

Mean Uver fat 
per 100 pn 
body weight 




gm 

mg 

mg 

Saline control 

21 

20-26 

1 466 

74 3 

328 ± 13 

Extract, normally fed rabbit urine 

15 

20-27 

1 422 

76 0 

339 ± 9 

fasted rabbit urine 

15 

20-26 


124 5 

513 ± 20 

“ diabetic rabbit urine 

' 7 

22-25 

1 487 

80 1 

382 ± 14 


than the hvers of the sahne-mjected controls In other words, the urme 
of normally fed rabbits was devoid of demonstrable adipokmetic activity 
When the same rabbits were fasted, however, there appeared m the urme 
a material which ivas precipitated at pH 5 2 by 2 volumes of alcohol and 
which provoked a statistically significant mciease m the fat content of 
mouse hvers It is at this time a matter of speculation whether the adi- 
pokmetic activity that we have demonstrated to occur m the urme of the 
fasted rabbit is identical ivith that shown by Best and Campbell (4) to 
occur m the normal anterior pituitary gland It is of mterest, however, 
that, durmg fasting, imdei conditions m which an mcrease m the mobihza- 
tion of depot fat might be anticipated, there appears m the urme a material 
capable of provokmg such an mcrease, which at least superficially resembles 
pituitary adipokmm 

A few rabbits, rendered diabetic by the mtravenous mjection of 150 
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mg of allovm mouoh\ (Irate pt,r kilo, ha’ e irly bcxn atudied Allien 
these animals were fed ad bldum, their uri’ua contained at moat scant} 
adipokmetie actuit}, m the am ill ^.ne-i atudied probtbh not statbtiialli 
significant IMien asaaja were itt( nipted on tl e unnca oi laated diabetic 
rabbits, the urine edriets pro\cd uniiorml} l„ial to mice, and theanalr^ 
could therelore not be completed 

The authors ubh to aeknouledgc their indebtedreaa to Dr A C Slaneh 
for ad\iee and kliaa bophie Rc'a lor technical caaiat uice 

sLMMVIU 

A material eapible oi proeoking in mere lae in the lat content oftR 
mouse h\er appe ira in the urine ol the fasted, but not of the normally 
fed rabbit ] ike the 1 it-mobilmmg siib^t uite of the interior pitui*an 
gland, this matcri il is proeipit ible it pll 5 2 b} 2 lolumt's of ethanol, 
and its possible rehtiondup to pituit ir> ulipokuiin lias been diaCUiatd 
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A jNIICROiMETIIOD FOR TPIE QUANTITATIVE DETER- 
IMINATION OF TPIE URINARY COPROPORPHYRIN 
ISOMERS (I AND III)*^ 

By SV^MUEL SCmVAIllZ, VIOLET HAWKINSON, SANFORD COHEN, and 

CECIL JAJMES WATSON 

(From tho Department of MedicmCj Vnwersily of Minnesota Hospital^ Minneapolis^ 
and the Metallurgical Lahoratory^] University of Chicago^ Chicago) 

(Received for publication, December 10, 1946) 

Previous communicatioas (1, 2) have dealt with the problem of determm- 
mg the lelative pei cent age of the natuially occuiimg urmary copropor- 
ph3nm isomeis, types I and III In the fiist of these papers a method was 
described foi separating small amounts of the pure isomeis by means of 
then differential elution from aluminum oxide with 30 per cent acetone 
In spite of a trial of many alternative piocedures it has not been possible to 
apply this method consistently to urine except when the copropoiphyrm is 
first isolated as the crystalhne estei This of couise defeats the primary 
objective of the method, smee the coproporphyrm I ester crystalhzes much 
more quantitatively" than dees the copioporphyrin III ester, and relatively 
more of the lattei is theiefore lost m the mothei hquor In addition, a 
tedious exti action pioceduie is requued to purify the porphyim from a 
large volume of mme The second papei referred to desciibed a difference 
m fluoiescence stabihty of the two poiphyiins which permits determination 
of their relative percentage m a given urme sample, without recourse to 
isolation It employs as httle as 100 cc of urme, or even less m mstances in 
which the porphyrm concentration is considerable The purpose of the 
present communication is to describe details of a method based upon this 
difference m behavior 


Method 

The concentration of the total urmary coproporphyrm is first determined 
The procedure is based upon similar methods previously described by SaiUet 
(3), Fischer (4), and Fikentscher and Franke (5) 

100 cc of urme are acidified with 10 cc of glacial acetic acid and then 
extracted three tunes with 0 5 to 1 volume of peroxide-fiee ethyl ethei, each 
time The combmed ethei s are washed three times ivith 3 pei cent aqueous 
sodium acetate solution The copropoiphyim is then extracted by four 

* Aided by grants from the John and Mary R Markle Foundation and from the 
Rockefeller Foundation 

t Under Contract W-7401-eng-37 with the Manhattan Project 
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shakings ivith 10 cc portions of 5 per cent HCl The combined 5 per cent 
HCl solution IS made acid to Congo led paper by addition of saturated 
aqueous sodium acetate solution, after which the poiphyrin is transferred 
to ethyl ether by means of tliree extinctions The combmed ether is 
washed tivice with water The porphyrm is then lemoved from the ether 
by foui extractions with 1 per cent IICl solution, sufficient m amount to 



Gamma per cent 


Fig 1 Fluoresceace latensity of varying concentrations of free coproporphynn 
in 1 per cent HCl as measured on a Klett fluorophotometer A 3 per cent aqueous 
fluorescein solution was employed as the standard 

make a total volume of 10 to 20 cc Quantitative extraction is msured by 
observmg the red fluorescence of the porphynn m ultraviolet hght » 

The total coproporphynn content of this solution is measured fluon- 
metncally The calibration curve obtained with oui Klett fluorophotome- 
ter is shown m Fig 1 When the total amount of porphyrm m the final 1 

> Portable black light, model ZB U (Magna Flu\ Corporation, Chicago, Illinois) 
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per cent HCl is less than 10 7, it is best to e^ract more unne m the same way- 
before proceedmg vntli the isomer analysis, although the latter can be 
accomplished watli as httle as 2 7 of total porphyrin This may be neces- 
sary, smce considerable loss of poiphyrm may occur durmg the subsequent 
purification proceduie 

Two alternative piocedmes have been employed for the further purifica- 
tion of the total coproporph^am and for the isomer analysis Both of these 
^vllI be desciibed here, though the isomer analysis by the more recently de- 
veloped second method is undoubtedly more rehable, and is now used 
exclusively m our laboratory The fii^st procedure (A), if carefully exe- 
cuted, has also proved satisfactory It has been used m many of our 
earher chmcal studies, to be reported m separate communications The 
second of these methods (Piocedure B), on the other hand, has been used 
exclusively m a series of studies to be reported m the “Plutonium project 
record’^ (6) 

Procedure A — The combmed 1 per cent HCl solution is added to 4 
volumes of methyl alcohol previously saturated m the cold with HCl gas 
After standmg at least 4 houis, the porphyrm ester is extracted by chloro- 
form, the methyl alcohol-HCl solution first having been diluted with sev- 
eral volumes of watei The chloroform is then washed successively, twice 
each with 10 to 20 cc portions of water, 10 per cent ammonium hydroxide, 
and 7 per cent sodium chlonde It is then filtered through a chloroform- 
moistened filter paper and concentrated to dryness on a water bath 

The porphyrin ester is next punfied by chromatographic analysis The 
residue is dissolved m a drop or two of chloroform and diluted with 3 to 4 cc 
of benzene This solution is passed through a column of calcium carbonate 
(Cenco, U S P , precipitated powder), 6 to 8 cm m height m a Zech- 
meister-Cholnoky chiomatograph tube (7) The porphyrin esters are 
adsorbed together m the upper few mm of the column The chromato- 
gram IS developed with al lOtol 15 mixture of chloroform-benzene, the 
higher concentration of chloroform being required m some mstances for 
sufficiently rapid development The porphyrm zone, contaimng both 
coproporphyxm isomers, is eluted to about the middle of the column The 
column is then pushed out of the tube and the porphyrm zone is cut out m 
the usual way (7-9) If at least 5 7 of porphyrm are present, a distmct 
red or pink zone may be seen m visible hght In ultraviolet hght, however, 
the red fluorescence permits the porphyrm zone to be more sharply outhned 
with much smaller amoimts 

The porphyrm esters are eluted from the CaCOa with a small amount of 
chloroform This is filtered through a small smtered glass filter The total 
porphyrm concentration m this solution is measured m the fluoro- 
photometer The cahbration curve prepared with our Klett apparatus is 
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shown in Fig 2 An aliquot containing 4{ to 10 7 is removed to an Evelyn 
tube and evaporated to^di-yness The residue is dissolved in 4 5 cc of 
freshly distilled acetone, and 10 5 cc of distilled vater are added with 
immediate mixmg The tube is then coiked and the fluorescence is mea- 
sured immediately m the Klett fluoiophotometer - The solution is then 



Gamma per cent 


Fig 2 Fluorescence intensity of coproporphynn methyl ester in chloroform as 
measured on a Klett fluoiophotometer against a 3 per cent fluorescein solution 

refiigerated at 4° for IJ houm, aftei which it is lemoved to room tempeia- 
tuie for 5 mmutes The fluoiescence is then measuied agam 

As has been shown elsewheie (2), the fluoiescence of copiopoiphjnm I 
IS completely quenched m this mteival, whereas that of copropoiphyrm III 
remams essentially constant In a mixtuie of the two isomers, however, 
coprecipitation of both occurs (6) Undei the conditions of the test the 

* A special metal adapter was constructed m hich permits the use of Evelyn tubes 
rather than the cuvettes or small tubes supplied with the instrument 
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extent of this copiecipitation is such that the hour reading approximates 
that of the copiopoiphjnm III alone This is shown by the data m Fig 3 



0 10 20 30 40 50 60 TO SO 90 100 

Per cent coproporphLjnn III in mix+urG 


Fig 3 The relationship of fluorescence stability to the per cent distribution of 
coproporphyrin I and III esters in 30 per cent acetone (Procedure A) A value of 100 
per cent stability indicates no quenching of fluorescence under the conditions of the 
test 


The per cent of each isomer m the mixture is, therefore, calculated as 
follows mitial leadmg == coproporphyrm I + coproporphyrm III, final 
readmg = copiopoiphyrm III, difference = coproporphyrm I Therefore 


Final reading X 100 
Initial reading 


% coproporphyrm III 


It should be emphasized that the readmg at hours does not represent a 
condition of equihbrium, and that accurate timmg is therefore of crucial 
importance It is because of this limitation that isomer analysis by this 
method has now been replaced by the modified Procedure B which does 
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yield a condition of near equilibrium foi 24 hours or more It should also 
be pointed out that the cuive shown in Fig 3 appears to be an S»shaped 
skew rathei than a straight line 

Procedure B — The combined 1 pei cent HCI solution is made acid to 
Congo red paper by tlie addition of satuiated aqueous sodium acetate 
solution A few cc of glacial acetic acid are added and the porphyiin 
IS extracted twee wth ethyl acetate It is then removed fiom the ethyl 
acetate by thiee extractions wth 1 cc portions of 10 per cent HCI To 
this are added 10 volumes of CH3OH-H0SO4 (20 1) After 4 to 24 hours 
3 volumes of 2 per cent NaOH are added and the poiphyim ester is immedi- 
ately extracted wth about 50 cc of ethyl acetate The solution should 
be definitely alkalme, extraction is mcomplete if more than a small amount 
of sulfuric acid remams The ethyl acetate is washed once wth 0 5 per 
cent NaOII solution, and twee each wth water and 7 per cent NaCl It 
is then filtered through paper moistened wth ethyl acetate and evaporated 
to dryness on a water bath The residue is dissolved m chloroform- 
benzene and subjected to chromatographic puiification, as described above 
for Procedure A 

) The concentration of the total coproporphyrm ester is determined m 
the chloroform eluate of the esters from the CaCOs An aliquot contammg 
2 to 5 7 IS transfer! ed to an Evelyn tube and evapoiated to di:ynes3 for 
isomer determmation This residue is dissolved m 3 5 cc of freshly 
distilled acetone, and 6 5 cc of HoO aie added wth constant mixmg 
The tube is tightly corked, and the fluozescence is measured immediately 
m the Klett fluorophotometer The tube is then immeised foi 3 or more 
mmutes m a dry ice-acetone bath The solution is quickly fiozen sohd 
The sample is then removed and kept at room temperature (22-25'^) 
The fluorescence is measured again after a peiiod of fiom 4 to 36 hours, 
durmg which time a condition of relative equilibrium prevails (6) 

The ratio of mitial to final readmgs has been determined m a series of 
75 experiments m which kno^vn mixtmes have been analyzed m this way 
(6) The results are summaiized m Fig 4, m which each pomt represents 
the average of five to eleven determmations 

Determination of the per cent of each isomer m any unknown mixture 
IS determmed by reference to Fig 4 Thus, for example, the calculated 
values for the 75 recovery experiments mentioned above differed by an 
average of only 2 2 per cent from the kno^vn values 

Recovery Data and Conjinmtonj Isolahons 

DelcTinination of Coproporphynn Isomers I and III Added to Extracts of 
Human Unne, hy Procedure A— The first 5 per cent HCI extract from a 
sample of human urine was found to contam 60 7 per 100 cc of total 
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coproporphyiin, of which 20 per cent was type III isomer and 80 per cent 
was type I To five portions of the extract each measuring 7 5 cc , copro- 



Pcr cent coproporphLjnn III in m xture 


Eig 4 Th.G TGlationsliip of the rfl.tio of initial to final fluoroscGncG intcnaitiGs and 
the per cent of coproporphLjnn III in a 35 per cent acetone solution of a mixture of the 
coproporphynn isomers (Procedure B) 

porphynn isomers were added in the amounts noted in Table I, with 
recoveries as mdicated 
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Comparison of Isomer Analysis hy Procedwe A and Melliny Points of 
Crystalline Esteis Isolated fwm Larycr Volumes of Same Unne — ^The data 
of Table II are showTi simply to mdicate the lehabilitj’- of the quantitative 
piocedure as conti oiled by actual isolation of the ci^stallme copiopoiphyrin 
esters fiom the uime, with detcimmation of the estei meltmg points 


Table I 

Recovery of Coproporphynn Isomers from Urine by Procedure A 


Type I added 

Type III added 

Type III 

Observed 

1 Calculated 

Y 

7 

1 Per Cent 


per cent 

10 5 

0 0 

s 

1 

6 

7 5 

3 0 

23 


2G 

3 9 

0 6 

50 


50 

1 5 

9 0 

G1 


CG 

0 0 

10 5 

75 


75 


Table II 


Comparison of Isomer Analysis and Crystalline Ester McUiny Points {after Three 
CryslalUzations from CHClz-ClhOII) 


Urine sample No 

Isomer analysis 

Coproporphyria I* 

Coproporphj rm Ult ! 

- - - - 1 

Mp 


per cent 

per cent 

®C 

1 

1 95 

0 

249-250 

2 

81 

10 

228 

3 

1 79 

21 

j 232 

4 

1 75 

25 

228 

5 

40 

GO 

198 

6 

25 

75 

132-134 

7 

20 

SO 

138 

8 

IS 

82 

140-141 

9 

IS 

82 

130 

10 

11 

89 

132 


* Ester m p 252*^ 

t Ester m p 131®, 142®, 170® (dimorphic m p ) 


The method of isolation was the same as that desciibed above except that 
larger volumes of urme weie used The chloiofoim eluate from the CaCOa 
was evaporated to about 1 cc , about 5 cc of CH3OH were added, and the 
solution evapoiated to about 1 cc Ciystallization occurred on cooling 
The melting pomts were determined by means of a Fisher- Johns micro 
meltmg pomt apparatus It is well known that mixtures of the copropor- 
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phyrm estei'S (I and III) exhibit melting points mtennediate between 
those of the puie substances, lathei than a sharp depression (9-11) 
Furthermore, as noted above, the meltmg point cannot be used as a 

Table III 


Belcrminaiion by Procedure B of Coyroporyhynn 1 and III Added Directly 

to Human Unne 


Sample No 

Porpbyr] 

ID added 

Coproporphyrm ITT at 21 hrs 

Coproporphynn I 

Coproporphyrjn III 

Theoretical 

Found 


y per anl 

Y per cent 

per cent 

per cent 

1 A 

0 0 

0 0 

86 

87 

B 

0 0 1 

0 0 

86 

84 

c 

0 0 

0 0 

86 

86 

D 

0 0 

0 0 

86 

88 

2 A 

3 5 

0 0 

55 

50 

C 

3 5 

0 0 

55 

51 

D 

3 5 

0 0 

55 

55 

3 A 

8 8 

0 0 

38 

39 

C 

8 8 1 

0 0 i 

38 

31 

D 

8 8 , 

0 0 

38 

39 

4 A 

17 6 

0 0 

24 

23 

B 

17 6 j 

0 0 

24 

28 

C 

17 6 

0 0 

24 

26 

D 

17 6 

0 0 

24 

24 

5 B 

0 0 

8 8 

93 

86 

C 

, 0 0 

8 8 

93 

86 

D 

0 0 

1 

8 8 

93 

89 


Table IV 


Independent Isomer Analyses by Procedure B 


Sample No 

Total coproporphyrm 

Per cent type III isomer found by two analysts 

per 24 hr sample 

V H 

D S 

1 

Y 

175 

45 

42 

2 

226 

63 

64 

3 

145 

34 

32 

4 

452 

12 

13 

5 

25 

17 

23 


quantitative measure of the ratio of the two isomers, but merely mdicates 
the predominant isomer type 

Isomer Analyses by Procedure B after Addition of Varying Amounts of 
Type 1 and III Isomers Directly to Human Urine — ^Varying amounts of 
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free coproporphyrin m 1 per cent HCl were added directly to 500 cc 
portions of a pooled sample of human urme which contamed 7 1 7 of total 
coproporphyrm per 100 cc Just before esterification the final 1 per cent 
HCl extracts -were divided mto four equal portions, Samples A, B, C, and 
D Samples A and B were estenfied by means of CH 3 OH-HCI, as m Pro- 
cedure A, while Samples C and D were estenfied ivith CH 3 OH-H 2 SO 4 
Isomers m all four portions were determmed by Procedure B The second 
readme was made at 21 hours m each mstance The data are shoivn m 
Table III (Four samples weie analyzed by a modified procedure and are 
therefore not mcluded m Table III ) 

As a further test of the reliability of this procedure, determmations of 
the isomer distribution m five 24 hour urme samples were made by one of 
us (V H ) and mdependently by another mdividuaP who had been 
tramed m the method The source of the urme samples and the results 
of the other analyst were unknown until each had completed the five runs 
The results of this experiment aie shoivn m Table IV, from which it is 
evident that the agreement was reasonably satisfactory 

DISCUSSION 

Isomer analysis by Procedure B is regarded as less liable to erior because 
*the factors of time and temperature are not so delicately balanced as 
they are m Procedure A Usmg the latter, we have found that consistent 
results are obtamed only when li hours of refngeration aie used, 1 hour or 
2 hours bemg unsatisfactory With Procedure B, however, much more 
latitude is allowed both m the period of fieezmg and m the tune thereafter 
at which the second readmg may be made Data bearmg on these pomts 
are described m detail m a sepaiate report (6) This report also mcludes 
studies of the coprecipitation phenomenon which is the basis of the fluores- 
cence quenchmg and hence of the method of isomer analysis, additional 
data relatmg to the determmation of isomers added to various samples of 
urme and urme extracts are also given m this report 

The folloivmg precautions and reservations may be noted, ivith respect 
to the methods described above 

The mstiument used foi fluorescence measurement must be accurate 
at relatively low levels of fluorescence mtensity Thus, if the mitial 
readmg is 200, a large variation of the final readmg at certam levels, % e 
from 60 to 45, would give a diffeience of only 6 per cent (200/60 = 3 33 = 55 
per cent copro III, 200/45 = 4 44 = 49 per cent copro III) On the other 
hand, a small vanation from 10 to 5 m the final readmg means a diffeience 
of 10 per cent (18 versus 8 per cent copro III) The mstrument should be 
restandardized as often as necessary to insure accuracy 

The mstrument should be so cahbrated that the highest readmg (t e 

• We are indebted to Mr Donald Sutherland for these detemunationa 
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300 on the Elett apparatus) represents a concentration of about 60 7 
per cent Readings above 300 should be diluted immediately with pre- 
viously prepared 35 pei cent acetone, smce at high concentrations copro- 
porphyrm I precipitates rapidly even at room tempeiature Crude meas- 
urement of the fluorescence in the 3 5 cc acetone permits one to predict the 
readmg to be expected after dilution wth water If the concentration in 
3 5 cc IS too high, more acetone is added, followed by the proper amount 
of vater 

Reagents used for chromatography and isomer analysis should be free 
of any blue fluorescence m ultraviolet light We have found that a 
veekly distillation of reagents is adequate m this regard 
The metal complexes of coproporphynn may give nse to difBculty 
The zmc complex is readily spht by hydrochlonc acid, and any zinc copro- 
porphynn present m the native unne or formed pnor to esterification 
because of contact of the urine with soft glass will be mcluded as the free 
porph3a’m m the total which is subjected to isomer analysis The zmc 
complex may also be formed if the ester comes m contact with zmc, either 
due to use of soft glass or contammated reagents, such as methyl alcohol 
from metal drums This complex separates from the free coproporphynn 
methyl ester on the CaCOa column, remammg well above it under the 
conditions described, and exhibitmg a yellow or orange rather than a pink 
or red fluorescence m ultraviolet hght The copper complex is much more 
diflBcult to detect, smce it does not exhibit fluorescence m ultraviolet hght 
and IS not spht by HCl Fortunately, formation of the copper complex 
m the native urme or even on long standmg m soft glass contamers appears 
to be rare so far as we can determine The copper complex may be spht 
by solution m concentrated H2SO4 

It IS essential that the Evelyn tubes be tightly corked to prevent evapora- 
tion of acetone For a time, we used beeswax to seal the tubes, but this is 
unnecessary if sufficient care is given to fitting the corks carefuUy 

Smce the total porphyxm concentration must he m the 20 to 50 7 per 
cent range (2, 6), there is no reason why the method cannot be applied 
to less than 2 7 of total porphyrm by appropriately reducmg the volume and 
usmg specially selected small tubes Since we have not had occasion to do 
this, we cannot say whether or not Fig 4 would apply mthout modification 
This method has been applied to many hundreds of unne samples 
obtamed from mdividuals having a variety of diseases, notably those of 
the hver and blood-formmg organs The results of these studies mil be 
made the subject of separate communications 

SUMMARY 

1 Procedures not entailing crystalhzation are descnbed for the quanti- 
tative determmation of the unnary coproporphynn isomers I and III 
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Paitially puiified solutions containing 2 to 5 7 of total coproporphyrm are 
lequired for the isomer analysis 

2 The procedures depend upon a marked difference m fluorescence 
stabihty of the two porphyim methyl esters m 30 to 35 per cent aqueous 
acetone m the cold, that of copiopoiphyrm III bemg relatively much more 
stable 

3 The vahchty of the method has been confirmed by the recovery of 
added amoimts of each of the coproporphyim isomers mth an average 
eiroi of less than 3 per cent, also by isolation of the crjstallme porphyrin 
esters from laige volumes of the same uiine samples, ^wth subsequent 
identification of the piedominant isomer type by means of ester melting 
pomt determmation 
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VARIATIONS OF THE INDIVIDUAL BLOOD PLASMA AMINO 
ACID NITROGEN LEVEL 

B\ GEORGE E F BREWER, W S BROW, CECIL C HARVEY, 

AND M K HORWITT 

{From the Biochemical Research Lahoraioryy Elgin Stale Hospital^ Elgin, and 
Marygroie College, Detroit) 

(Received for publication, August 28, 1946) 

Several papers (1-3) have been pubhshed recently on the subject of the 
ammo nitrogen of human blood plasma as detei mined by Hamilton and 
Van Slyke^s mnliydnn method (1) 

The values repoited for the blood plasma filtrates of persons in the post- 
absorptive state vary from 3 35 to 5 00 (1), 2 3 to 7 3 (2), and 3 37 to d 97 
(3) mg of amino mtrogen per 100 ml of plasma 

It has also been reported (3, 4) that sigmficant differences of the ammo 
mtrogen level are found when samples are taken from the same person on 
different days 

The above reports do not show whether each individual develops his own 
average amino mtrogen level or passes through the full range of obseived 
values Only a large number of analyses earned out on blood samples from 
a large number of persons can absolutely answer this question However, 
the results of a limited number of analyses can be dealt with by means of 
statistical techmques 

We have, therefore, endeavored to follow the fluctuations of the amino 
mtrogen contents of human blood plasma by Van Slyke’s ninhydrm tech- 
mque for periods of more than 3 months 

The blood samples were taken durmg the summer and autumn months 
of 1944 from two distinctly different groups of people (1) presumably 
healthy mdividuals (two men and three women) of ages between 21 and 38 
years, (2) a group of twelve males, mental patients, physically i\ell, of 
ages between 29 and 77 years, who were under strict dietary control for well 
over 1 year as participants m a nutritional project bemg conducted at Elgm 
Differences due to environment or workmg conditions can, therefore, be 
mimmized as factors affecting the data reported below 

Method 

Samples were taken befoie breakfast and the oxalated plasma treated 
accordmg to Hamilton and Van Slyke’s ninhydrm method (1) No cor- 
rection was made for plasma urea concentration, smee no urea concentra- 
tion of more than 18 mg of urea mtrogen per 100 ml of plasma had been 
found 


145 



146 


VARUTIONS IN PLASitA ASIINO N 


The average difference beUveen duplicate determinations of plasma iias 
1 0 per cent or 0 064 mg per cent of ammo nitrogen The analytical re- 
sults \\ ere checked daily by including a sample of tyrosine or tyrosine and 
glutamic acid with the plasma filtrates Because recoveries of amino nitro- 



Fig 1, 1 


Fig 1 Plasma amino nitrogen, levels obtained from the plasma of individuals • 
represents the average of determinations on at least two separate plasma filtrates, O 
the average of determinations on a single blood filtrate, ♦ represents female subjects 

gen from these amino acids were consistently accurate to better than 1 per 
cent two of the moie expenenced operatois of the Van Slyke manometer 
apparatus did single determinations on many of the later samples (see Fig 

^^Tbe data reported m Fig 1 were first used to deteruune the average of 
each individual (Table I, Column b) Then the deviations from this aver- 
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age and the optimum standard deviation estimate, s, were computed, 
s= \/s {X—'^y/{n'-l)y wheie X is the analytical result, X the arith- 
metical mean of all the data foi one individual, and n the number of de- 
teiminations The confidence limits of the individual aveiages were then 
detei mined for the 95 per cent piobability point (Table I, Column e) 



Fig 1, B 


accordmg to the equation ^ 95 % = ± ts/y/uy where t is the probabihty factor 
for the 95 per cent point, n — 1 the degrees of freedom (6, 5), and 5 the op- 
timum standard deviation estimate (Table I, Column d) As an example 
the average of eighteen determinations carried out on subject C T is 
4 65 mg per cent with a 95 pei cent confidence hmit of dbO 07 There is, 
therefore, only 1 chance m 20 that the ^True’’ average of this person's 
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ammo nitrogen is outside the limits 4 72 and 4 58 mg per cent There is 
an even chance that any fasting sample taken from this subject will show 


T\ble I 


Results of Statistical Comyidaiions 


The results in Columns h, d, and e arc expressed m mg per cent of ammo 
acid nitrogen 


Subject 

No of ilclcriTu 
nit 10 ns » 

(a) 

AveragL V 

(6) 

-VP 

ic) 

Optimum s D 
estimate, s 

(d) 

Confidence limits 
(95 per cent prob 
ability) of 
aNcrage 

ie) 

Health^ 

G B 

11 

1 3G 



■H 

J C 

9 

3 71 

2 841 



M H 

9 

3 91 

1 327 



J N 

0 

4 04 

0 209 


0 17 

E N 1 

7 i 

3 98 1 

1 031 

0 115 

0 33 

Psj chotic 

S T 

IS 

4 08 

0 725 



T S 

18 

1 4 18 

2 378 



E R 

IS 

‘ 3 96 

' 0 472 



W H 

18 

' 4 75 

' 2 907 


0 20 

D S 

19 

' 4 17 

1 830 


0 15 

P W 

18 

4 00 

0 733 

0 208 

0 10 

C T 

18 

4 65 

1 381 

0 149 

0 07 

H M 

IS 

4 37 

1 S06 

0 325 

0 16 

H B 

IS 

4 45 

1 100 

0 254 

0 13 

W W 

20 

4 28 

1 415 

0 273 

0 14 

H J 

18 

4 73 

1 111 

0 255 

0 13 

D H 

19 

4 08 

1 346 

0 273 

0 13 

17 individuals 

4 22 

1 472 

0 297* 



* Optimum standard deviation estimate = ^^/Ij^^dividual^^v^rage - 42^ 


t 95 per cent probability = hts / Vn = 


21 XO 297 
VT7 


, ht = the probability factor 


for 16° of freedom (5) 


a deviation from 4 65 mg per cent by moie or less than 0 149 mg pei cent 
(Table I, Column d) 

The average of all the 262 deteimmatious was found to be 4 26 mg pei 
cent If, howevei, the seventeen mdividual averages (Table I, Column 6) 
aie averaged, the more xehable total average of 4 22 mg per cent is found 
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The optimum stanchid deviation of the individual average fiom 4 22 mg 
pci cent lb computed to be 0 297 Any specific sample taken diffeis, of 
coui'se, fiom the donoi^s aveiage value and this vaiiabihty has been es- 
timated to be 0 307 mg pei cent from the relation 


3 



SCYi - x,y + 
(m - 1) + 


S(Yi 7 - gl7)° 
(ni7 “ 1) 


If theie was on the aveiage no diffeience between donors, the standard 
deviation of the donoi's average from 4 22 mg pei cent would be 
0 307/'\/l5 3 = 0 078 mg per cent, wheie 15 3 is the average number of 
detenmnations per donoz Actually, as shown above, the value is 0 297, 
indicating that there is more difference between donors than would be ex- 
pected from chance causes alone 

The question remains whether it is likely that any individual would cover 
the full lange of possible ammo mtrogen values, oi whether a ceitain smaller 
range of values is piefeired In other woids, statistically expiessed, are all 
the obseived values taken fiom the same souice or from different sources? 

Baitlett’s test (7) has been used here 


Crude x- - 2 303[(log Fo) - (2d/) (log 7)] 


wheie 7 = 7o = (S (d/)(7))/Sd/, df = (n - 1) 


Both the crude and the coriected value of x“proved that the samples were 
not taken fiom the same source A siimlai result was obtamed through 
the analysis of the variance of the mdividual data and variance of the 
means 

It is physiologically sigmficant that certain mdividuals have smaller 
variations from then mean values than other individuals who show \vider 
variations The causes of these individual differences m stabihty of plasma 
ammo acid concentiation remain to be mvestigated, but they may be re- 
lated to the subject’s emotional stabihty (4), since it has been shown that 
pharmacological stimulation of the sympathetic nervous system causes a 
marked drop m plasma anuno mtrogen 


STOEMARY 

1 Covering a peiiod of about 3 months, an aveiage of 15 3 samples of 
fastmg blood has been taken fiom each of seventeen persons (three women 
and fouiteen men) and the plasma amino mtrogen has been determined by 
the mnhydim manometric method Fig 1 shows these data plotted against 
time 

2 The aveiage ammo mtiogen value of all the above 262 determmations 
was 4 26 mg pei cent 

3 Bartlett’s x“ test apphed to the above figures and analysis of the vari- 
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ances shoived that it is veiy improbable that the above data were all chawn 
from the same source It is, theiefore, concluded that each individual 
develops his personal average ammo mti ogen level and any given sample 
fluctuates around this individual average 

4 The true average ammo nitrogen value is, therefore, more correctly 
determined by avei aging the mdividual averages This gave the average 
value of 4 22 mg per cent ammo nitiogen In computing the confidence 
limits of this value, it was detei mined that theie are 19 chances in 20 that 
the true average would he within the limits of 4 07 and 4 37 mg pei cent 

5 The basal plasma ammo mtrogen values of an individual do not seem 
to fluctuate greatly from day to day, but to develop upward or downward 
trends, which last for a limited numbei of days 

6 The range of ammo mtiogen m the plasma is an mdividual function 
that remains fairly constant from month to month 

The authors are mdebted to Miss Mary Ellen Hohl and Miss Thelma 
Warner, Marygrove College, Detioit, foi pait of the analytical work, and to 
Dr Oscar ICieislei and Mi*s Edna Newtson, Elgin State Hospital, for their 
assistance in the chmcal handlmg of the patients 

Special thanks are due to Mr George W Thomson (Chemical Research 
Department, Ethyl Corporation, Detroit) foi Ins advice on the statistical 
phase of the work 
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THE ESTIMATION OP PARATHYROID HORMONE ACTIVITY 
BY ITS EFFECT ON SERUM INORGANIC PHOSPHORUS 

IN THE RAT-^ 

By HELEN M TEPPEIl]VIAN,t IVIAURICE V L^HEUIlEUX,t and 
ALFRED E WILHELM! 

{From the Department of Physiological Chemistry, Yale University, New Haven) 
(Received for publication, December 11, 1916) 

The activity of parathyroid hormone preparations is commonly estimated 
by the method of Colhp and Clark (1, 2), which has been adopted as a 
standard procedure m the Umted States Pharmacopoeia The U S P 
umt IS defined by this method as 0 01 of the amount of parathyroid hormone 
reqmred to raise the serum calcium of a 10 to 12 kilo dog 1 mg per cent 
withm 16 houis after subcutaneous mjection of the matenal under test 
The estimate is based on the specified response of the animal, without ref- 
erence to a standard, on the assumption that the response is directly 
proportional to the dose Miller (3) and Bliss and Rose (4) have shown 
that the method of estimatmg the serum calcium m the dog has senous limi- 
tations, but that by employing suitable experimental designs (mvolvmg 
fairly large numbers of dogs and much time) satisfactory assays of para- 
thyroid hormone preparations may be made m terms of a standard prepa- 
ration employed m parallel ivith the unknown 

In either form, the dog serum calcium method is unsuitable for rapid and 
reasonably accurate estimations of the potency of the numerous fractions 
obtamed durmg work on the isolation and punfication of the parathyroid 
hormone From the standpomt of uniformity of matenal, cost, ease of 
mamtenance, and the reqmrements of number for a smgle estimation, the 
rat offers every advantage over the dog The object of this paper is to 
show that male white rats weighing from 150 to 250 gm exhibit a measur- 
able fall m serum morgamc phosphorus 3 hours after the subcutaneous in- 
jection of parathyroid hormone, that the relation between the fall in 
serum morgamc phosphorus and the loganthm of the dose of hormone is 
substantially Imear over the range 12 5 to 100 U S P umts, and that this 

* The data forming the basis of this paper were taken from the dissertations sub- 
mitted by Helen Murphy Tepperman and Maurice V L’Heureux in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy, Yale Umversity, 1942 and 
1944, respectively 

t Present address, Department of Pharmacology, School of Medicine, Syracuse 
Umversity, Syracuse, New York 

t Present address, Department of Biological Chemistry, Loyola Umversity School 
gf Medicine, Chicago, Hiinois 
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relationship may be used to estimate the activity of parathyroid hormone 
preparations in teims of a previously deteimined standard dose-response 
curve, or m terms of a standard preparation tested in parallel, mth an ac- 
curacy at least as great as that of the dog serum calcium method and with 
far greater convenience 


EXPERIMENTAL 

Materials and Gene) al Methods — ^hlale albino rats of the Sprague-Dawley 
stram were used They were fed a standard ration of Purina dog chow and 
were allowed to become accustomed to the laboratory and the diet for at 
least a foitnight before use Except when otheiwise mdicated, they w’ere 
not fasted before use, but duimg the expeimients they w'eie allowed only 
watei Since the animals w'ere used in the late morning oi early afternoon 
hours, they w^ere considered to be in the postabsorptive state Blood 
samples w'ere taken without anesthesia, the animal being temporarily 
restrained in a small rat holder The blood (0 6 ml ) was “milked” from 
the cut end of the tail into 1 ml centrifuge tubes The tubes w'ere centn- 
fuged for 10 mmutes, and 0 2 ml samples of the serum were pipetted into 
6 ml of 10 per cent trichloroacetic acid m 15 ml centrifuge tubes A 5 ml 
ahquot of the protein-free supernatant fluid w'as taken foi the determma- 
tion of morgamo phosphoius by the method of Fiske and Subbarow (5), 
modified for the Evelyn photoelectric colonmetei 

Parathyroid extract (Lilly) wms used as a standard prepaiation thiough- 
out the experiments In constiuctmg a dose-iesponse cuive the same lot 
of material was used for all of the observations Foi doses of less than 100 
umts (1 ml ), the extract was diluted with 0 9 pei cent sodium chloride 
solution so that m every instance the volume of the test injection was 1 ml 
Except when otherwise indicated, the test solutions were injected sub- 
cutaneously in 0 5 ml portions on each side m the lumbai region The 
injections were made immediately aftei the mitial blood sample was taken, 
and the animals were then placed in individual cages w'here they lemamed 
qmetly until the time for the final blood sample In the course of the 
work no animal was used moie often than every 2nd and, in most mstances, 
every 3rd day 

The animals first used to determine the response to the hormone and to 
estabhsh the relation between the response and the amount of lioimone 
mjected are designated m Tables I to VII and m Fig 1 as Group I, and 
those used later to check the imtial observations and to develop the final 
form of the method of estimation aie designated as Group II Each group 
behaved consistently, but the animals of Group I were less sensitive, 
eapecially to low doses of the hormone, and tended to exhibit a marked rise 
m serum morgamo phosphorus in control experiments m which no homone 
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was given The reason foi these differences is not clear, but on the basis 
of changes m the behavior of rats of the same stram m other experimental 
work being carried on in the laboratory at the time it is suspected that 
alterations of the ration due to Avaitime conditions may have been 
responsible 

Effects of Paiathyroid Hormone on Semm Inoigamc Phosphorus in the 
Rat — ^Table I summarizes observations made upon six senes of fed rats 
three sets of control animals given mjections of 1 ml of 0 9 per cent sodium 
chloride solution, and three others given 50 umts of parathyroid hormone 

T^ble I 


Effect of Parathyroid Hormone on Serum Inorganic Phospho) us of Fed and Fasted Rats 






Serum inorganic phosphorus 

mg per cent 

No of 
animals 

State 

Dose 

Route of injection 

Initial 1 

1 Difference from initial 





1 hr 

2 hrs 

3 hrs 

4 hrs 

5 hrs 

Group I 

4 

8 

Fed 

It 

units 

0 

50 

Subcutaneous 

It 

8 40 

9 23 

+0 65 
-1 18 

+1 32 
-1 45 

+1 47 
-1 72 




Group II 


3 

Fed 

0 

Subcutaneous 

9 72 

-0 67 

”0 45 

-0 79 


18 

tt 

0 

It 

9 28 



ff 1 

o o 

CO 


16 

it 

50 

tt 

9 15 



-1 73 
±0 11 


2 

Fasted 

0 

tt 

8 17 

+0 60 

-hO 08 

4-0 17 


9 

tt 

50 

tt 

8 12 

-0 46 

-0 06 

-0 01 


22 

tt 

50 

tt 

8 30 



-0 44 
±0 19 


4 ’ 

1 

tt 

50 

Intrapentoneal 

8 07 

-0 25 

o 

o 

+0 42 

+0 82 


subcutaneously Serum morgamc phosphorus was deteimmed mitially, 
and either hourly for 3 hours after the injection or only at the 3rd hour 
Similar observations were made upon three series of rats fasted for 24 houis, 
and the effects of intraperitoneal injection of 50 units of the hormone were 
studied m a small group of four rats 

The expectation that a 24 hour fast nnght lead to more consistent re- 
sponses to the parathyroid hormone was not realized The responses w ere 
irregular, small, and transitory Intrapentoneal injection of the hormone 
mto fasted rats produced a modest fall follow^ed by a sustamed rise m serum 
inorganic phosphorus durmg the next 4 hours Fasted rats seemed, from 
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these obsen^ations, to be less suitable for estimating paiathyioid activity 
than fed rats The diffeiences m the lesponses aie mteiesting and sug- 
gestive, but then detailed study v as not relevant to this w ork, and it was 
theiefore defeiicd 

In the fed contiol animals the seium inoiganic phosphorus rose (Group I) 


Tvble II 


Effect of Graded Doses of Parathyroid HoimonCf 3 Hours after Subcutaneous Injcctioiiy 
on Scrum Inoiganic Phosphorus of Fed Rais 


Dose 

No o[ 

observations 

Scrum inorganic phosphorus, mg per cent 

^[can initial 
level 

Mean fall 

Group I 

umis '■ 

1 log Ulltts 





12 5 


5 

S 52 

-0 51 


25 1 

1 3979 

21 i 

S 98 

0 94 


50 

mmSm 

129 

0 26 

1 18 


100 

ml 

S 

9 IS i 

1 71 

1 72 

Group II 

12 5 

1 0969 

21 * 

1 9 35 

0 70 

0 60 

25 

1 3970 

3G 

I 9 06 

1 04 

1 09 

50 

1 6990 ; 

121 

1 9 16 

1 65 

1 64 

100 

2 0000 

22 

i 9 00 

1 84 

1 91 


Relevant statistics for relation between the adjusted fall in serum inorganic 
phosphorus {y) and the log dose of parathyroid hormone (a:) 


X, == 1 6070 

ij, = 1 4478 

[x^] == 12 2394 
[xy] - 19 2574 
M = 102 3323 
h, = 1 5734 


Reduced [iff] = 71 1120 

== 0 3592, n = 198 
Via,) = 0 001769 
Vib) == 0 02934 
Vib)/b’* = 0 01185 

Curvature (mean square) 0 4604, n = 2, F 1 282 


Standard curve (adjusted for la = 0 15 V = 1 4178 + 1 5734 (x — 1 6070) 

♦ The values in bold-faced type were obtained by adjusting all responses to the 
same imtial level, 9 15 mg per cent 


01 fell slightly (Gioup II) duimg the 3 houis aftei injection In the fed 
animals gi\en 50 umts of paiathyroid homione there was a large and faiily 
consistent fall in seiiim morgamc phosphoius 3 hours aftei the injection in 
both gioups A few observations not lecoided in Table I shon ed that the 
effect had leached its maxunum by the 3rd houi 
The relation between the amount of parathyioid hoimone injected and 
the change in serum moigamc phosphorus occurring 3 horn’s after the 
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mjectiou was detemimed in two gioups of fed rats The data are summai- 
ized in Table II and Fig 1 In Gioup I a satisfactoiy relationship between 
the log dose of honnone (in units) and fall in seiiun moigamc phosphorus 
(in mg pel cent) was not obtained When the observations weie repeated 
2 3 ’’eais later with adequate numbeis of ammals, a good Imear relationship 
was obtamed betv een the log dose of hormone and fall in serum inorgamc 
phosphorus ovei the vhole lange between 12 5 and 100 umts Table II 
gives the data for the imtial observations (Gioup II) which were used for 



Fig 1 Dose-response curve for parathyroid e\tract in terms of fall in serum inor- 
gamc phosphorus (adjusted to constant imtial level), in mg per cent (y) against the 
logarithm of the dose, in umts (a:) Formula of regression line, ?/ = 1 4478 -f 1 5734 
(a; - 1 6070) 

subsequent estimations of the activity of preparations of the hormone (6) 
plus the extended obseiwations made in the course of additional checks on 
the 1 espouses of the animals No significant differences (such as those 
observed between Gioups I and II) appeared between these tvo portions 
The preponderance of observations on the response to 50 umts of the 
hoimone is the result of a routme practice of testmg all new rats before they 
were used m the estimation of unkno^vn parathyroid hoimone preparations, 
smce m the preliminary work it was found that some rats fail to respond to 
the hormone No ammal was used if its serum morgamc phosphorus fell 
by less than 0 5 mg per cent m response to 50 umts of the hormone These 
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data also provided an opportunity for e\amining the relation between the 
initial level of soium inorganic phosphorus (which tended to be variable) 
and the fall in response to 50 units of the hormone Smce there seemed to 

Tabu III 

Regressions within Each Dose of Iniltal Level of Serum Inorganic Phosphorus on 
Fall in Scrum Inorganic Phosphorus in Response to Parathyroid Hormone 


The iiutial level (uj), in mg per cent, is coded, 7 having been subtracted from each 
observed value, fall ( 2 /), in mg per cent 




Doses of parathyroid hormone 



12 5 units 

25 units 

50 units 

100 units 

Totals 

S(w) 

56 40 

74 05 

261 25 

43 99 

435 69 

SOj) 

16 84 

37 39 


10 3S 

293 91 

3(w-) 

141 1638 

170 0363 , 

Ci3 5117 

95 4277 

1050 1425 

Siy') 

19 1334 

57 0267' 

387 9908 

87 7778 

551 9287 

Siwy) 

43 2001 

87 7392 

165 5617 

87 1292 

683 6302 

[wn 

8 6238 

17 7196 

79 1522 

7 1677 

113 2633 

f 

1 24 

36 

121 

1 22 

203 

[wy] 

1 3 6261 

1 10 8300 

35 2549 

6 3876 

56 09S6 

W 

I 7 3173 

1 18 1930 

59 7223 

13 6622 

98 8948 

h 




0 8554 


Reduced [j/^J 

5 7925 

11 5737 

44 0797 

8 1982 

69 6441 

s* 




0 4099 


n 

22 

1 

119 

20 


Adjusted [t/^] (for 

5 = 05) 

5 8472 

11 7929 

41 3304 

9 1115 

71 1120 


Combined values = 113 2633, [wy]c = 56 0986, 5c = 0 4953, 7(6c) = 0 003153, 
Wc = 2 16 ifc 0 05 

Observed values of y may be adjusted to the same initial level by applying the 
equation, Va = Vo — 0 o (Wo — 9 15) 

T\ble IV 


Analysts of Variance of Data of Table III to Determine Significance of Differences 
between Slopes at Each Dose Level 


Source of variation 

Degrees of freedom 

Mean square 

F 

Effect of combined slope 

1 

27 7853 


Variation in slope I 

3 

0 4884 

1 37 

Deviations from individual slopes 

195 

0 3571 



i? = 0 48S4/0 3571 = 1 37 for 5 per cent level of significance = 2 65) 


be a significant relation betw^een these quantities at 50 umts, the data of 
Group II weie exammed m detail for this effect at each dose level 
Table III presents the data from the 203 observations of Group II for 
the regressions within each dose of fall m serum morgamc phosphorus (y, 
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in nig pel cent) on initial level (w, m mg pei cent), and m Table IV an 
analysis of vanance foi estimating the significance of the differences between 
slopes is presented An effect of initial level upon fall was seen at each dose 
level, and the analysis presented in Table IV showed that the differences m 
slopes (6) for the diffeient doses weie not significant, so that the effect was 
substantially the same at each dose level It was therefore possible to 
calculate a combined slope (be) which could be used to adjust the observed 
values of the fall in seium inorganic phosphorus to the values they would 
have if the mitial level were the same m each mstance This was done by 
means of the equation, ya — Vo -- bc(w — w)y ivhere yo is the observed, and 
ya is the adjusted fall m serum morgamc phosphoms (in mg pei cent), 
be IS the combmed slope of the regression of mitial level on fall, w is the 
observed mitial le\el of serum morgamc phosphoiTis (in mg per cent), and 
w is the mean imtial level observed for the 203 obseiwations of Group II 
The combmed slope, be, is 0 4953 zb 0 0561 No serious error is introduced 
if the value 0 5 is taken foi convemence The value of Wj from Table III, 
is 9 15 mg per cent 

Befoie the regiession of fall m serum morgamc phosphoms on the log 
dose of hormone was calculated, all of the values w ere adjusted to the same 
mitial level of seium morgamc phosphoms by means of the relation set 
forth m the foregoing paragiaph This has the effect of ehmmatmg 
errors due to variation m the imtial levels of semm inorganic phosphoms, 
and brmgs about a coirespondmg reduction m the eirors of the estimates of 
relative potency of unlcnowm parathyroid preparations 

Estimation of Relative Potency of Parathyroid Hormone Preparations 
Short Procedure with Predetermined Standard Dose-Response Curve — ^The 
preparation to be tested is given to si\ animals at tivo dose levels selected so 
that as nearly as possible the responses will be restneted to the central 
portion of the standaid cuiwe The doses of the unknown (measured m mg 
of mtrogen) are put into the same terms as the standard by convertmg them 
to their logarithmic eqmvalents m U S P umts on the basis of 100 umts 
pel mg of mtrogen (which is the average potency of the commercial 
preparation used as a standaid) The fall m serum morgamc phosphorus 
3 hours after the mjection is deteimmed m each of the six rats and is cor- 
rected to the imtial piemjection level of 9 15 mg per cent, as described m 
the foregoing section The log latio of the potencies of the unknoivn and 
the standaid is then calculated by the standard procedure modified for the 
use of a predetermined standaid dose-response cuiwe ^ These operations 
are illustrated m detail m a representative estimation made upon a pre- 
paration obtamed m the course of work on the isolation of the parath} roid 


1 Bhss, C I , personal communication 
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hormone ((6) Table I, B acid, acetone Fi action Dl) The expenmental 
data and the deiived statistics are presented in Table 

If the unknoMm sample produces the same biological response as the 
standaid, a plot of the lesponses to the unlvnown should yield a Ime sub- 
stantially parallel to the standard line, so that a combined slope mil fit 
both sets of observations On the log dose scale the honzontal distance 
between the two parallel Imes is the log ratio of the potencies, M, which 
may be calculated from the equation 

M =£.-£„ + ( 1 ) ■ 


Table V 


Bata Jor Esiiviation of Potency of Unkiiown Parathyroid Hormone Preparation by 
Method of Comparison with Predetermined Dose Response Curve 


Rat No 

Dose 

Scrum inorganic phosphorus, mg per cent 




Initial 

Fall 

Adjusted /all, y 

97 

tns of N 

0 2 

hs untls, X 

1 3010 

8 86 

0 SG 

0 915 

98 

0 2 


9 66 

1 66 

1 405 

99 

0 2 


9 37 

1 37 

1 260 

100 

0 5 


10 51 

3 15 i 

2 470 

101 

0 5 


9 95 

2 31 : 

1 910 

102 

0 5 


8 95 

1 87 

1 970 


Derived statistics, number of observations {N) = 6 


iS(cr), log dose (units) — 9 0000 
S{x^) - 13 7376 

S{y)i fall (adjusted) = 9 930 
S\y^) = 18 02875 

S{xy) = 15 44623 

Xui mean log dose = 1 5000 
mean adjusted fall = 1 6550 
[xn = Six-^) - XuS(x) = 0 2376 
[y‘] = S(y^) - gjSiy) = 1 59460 


[xy] = S(xy) - £^S(y) => 0 55123 
b = [xyy[x^] = 2 320 
Reduced [t/^J r= [7^2] - i[xy] = 0 31575 
Adjusted [7/2] = - 2b,[x7j] 4- bPh 

= 0 4483 

52 == adjusted [y^]/(N — 1) == 0 08966 
V(au) = s^N = 0 01494 
5# == slope of standard dose-response 
curve =5 1 57 


Expected 7 = 1 2794 at X = 1 500, ill = 0 2387 ± 0 0834 


m which Xa IS the mean log dose for the standaid, that for the unknown 
IS the mean response to the standard, yu that to the unkno^vn, and ba is 
the slope of the standaid dose-response curve The standaid error of M, 
Sif, IS estimated by the equation 

1 , /tv 1 TV , 1 L 

SAf = — /l^ Viaj + 7(a,) 4 ^2 


( 2 ) 
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111 which F(a^) and F(a,) aie the vaiiances of the mean response of unknown 
and stmdaid lespectively about the paiallel dose-response curves, 7(b,) 
IS the vaiiance of the slope of the standard dose-response curve, and the 
othei terms havd the same significance as in equation (1) The standard 
erioi of the relative potency may be computed directly, when Su is small, 
by 


s b of relative potency = 2 303 (100 antilog M) (3) 

The values foi :r„ F(a*), and F(5,)/5r, computed from the data foi 

the standaid cuiwe, aie presented in Table II The collection for the use 
of the piedeteimmed dose-response cuive mvolves, first, testmg to see 
whether the slope of the curve of the responses for the unknomis is not 
significantly different from the slope of the standard dose-response curve 
In the example cited, the slope for the unkno^vns is 2 32, and its standard 
error is rt0 58, it is clearly not significantly diffeient from the predeter- 
mined slope, 1 57 The correction may theiefore be apphed b}'' makmg an 
estimate of bj^ not as usual m terms of the sum of the squares of the dis- 
tances of the observed ij from the legression Ime for the experimental 
points, but m terms of the sum of the squaies of the distances of the 
observed ij from that Ime rotated aiound its mid-pomt to make its slope the 
same as that of the standard curve This is done by means of the equation 

Adjusted [y^ = - 2b,[xy] [y*] 

wheie bs is the slope of the standard curve The adjusted \y-\ is then used 
to calculate and to estimate V (flu) 

Substitution of the relevant figures from Tables II and V m equation (1) 
yields 


M = 1 607 - 1 600 + 


1 6550 - 1 4497 
1 57 


= 0 2378 


and, from equation (2), 

1 = 0 0836 

SM = — V001507 -h 0 0017 + (1 655 -* 1 4497)2(0 0118) 

1 57 

The estimated value of M zh Sj/ is theiefoie 0 2378 zb 0 0836 The potency 
of the unknown, in pei cent of the standard, is found by multiplymg 
antilog M by 100 1 73 X 100 = 173 per cent From equation (3) the 
eiror of the estimate is (2 303) (0 0836) (173) = zb33 per cent On the 
basis of the standaid piepaiation assaymg 100 U S P umts per mg of 
mtiogen, the estimated potency of the unknomi is theiefore 173 zb 33 
umts pel mg of mtiogen 

This IS fairly repiesentative of the lesults obtainable m the routme use of 
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the method for the estimation of parathyroid activity m numerous frac- 
tions obtained dmmg the isolation and paitial purification of the para- 
thyroid hormone (G) In the example cited, the slope of the legression 
hne of the observed points de\ uted lather moie than usual fiom the slope 
of the standaid cune, and the erior oi the estimate is coriespondmgly 
large It is lealized that the eriois of the method are appreciable, and that 
the method cannot be lelied upon to detect small differences m lelative 
potency But since even the best of contemporar> paiath^^roid hormone 
pieparations aie ciude, laige increases in potency may still be anticipated 
m the couise of purification, and the method can be relied upon to detect 
such mcreases 

Estimaiioyi of Parathyroid Activity with Standard and Unhn&wn Prepara- 
tions Employed %n Parallel — Bliss and Rose (4) have shoi\n that by the 
application of proper expeimiental designs, the '^Latin square” arrange- 
ment or the smiplei “symmetrical purs” method of Yates, the assay of 
parathyroid hoimone by the dog serum calciimi method can be impro\ed 
Such designs, coiiectly applied, increase the precision of the estimates by^ 
segregatmg differences due to anunals, diy^s, etc , and may yield informa- 
tion leading to improvement in the assay itself Such an instance is the 
discoveiy by Bhss and Rose that the final le\ el of sei um calcium m the dog 
provides as good a measure of the effect of paiathyioid hormone as the 
mcrease m serum calcium iUternatively, these designs may’' provide 
greater insight into the mechanism of the biological activity that is being 
studied 

In order to see how well the rat seium inorgamc phosphorus method 
compares wnth the dog serum calcium method m a more rigorous expen- 
mental design, a smgle tiial assay’' by the symmetrical pairs method of 
Yates was undei taken the design was applied, each lat was injected 
at an mter^ml of 5 days, once with one tieatment and once with another 
Foul tieatments weie used, Ui, Uo, Si, S^, the letters U and S refeiimg to 
unknowm and standard, and the subsciipts 1 and 2 to the different doses 
In this mstance, the unluiowm was the standaid itself m the same dilution 
Each tieatment was paired equally often with e\ery other, so that six 
rats were required to co\ei all possible combmatxons Because of the 
mten al betw een successu e tieatments, each pan of treatments was apphed 
at the same tmie m revei'se order to six additional rats 

The data foi the complete set of twelve lats, tested as described, are 
presented in Table VI The statistical calculations weie earned out so as 
to recovei interpair information, as described by Bliss (7), and mtU not be 
presented m detail The calculations were made in teims of the fall from 
the initial level of seium morganic phosphorus, and the ad 3 ustment for 
diffeiences m the imtial level was deteimmed by covaiiance Differences 
m body weight were not adjusted 
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Tvble VI 

Data on Rcspojibcs of One Set of Taelvc Rats to Parathyroid Hormone tji Yates 

Symmetrical Pans Assay 


Doses, 25 U S P units (Ui and Sj) and SO U S P units (U and S ), volume of 
injection in each intstince, 1 ml 


Pair 

No 

Treatment 

Scrum inorganic phosphorus mg 

per cent 

1st period 
June 2a 

2nd period 
June 30 

Body weight 


Initial 


j Fall from initial 

June 2a 

June 30 

June 2a 

June 30 

June 25 

June 30 




gm 

gm 








1 

Ui 

U 2 


212 





0 35 

1 

79 

2 

(( 

Si 


228 





1 25 

0 

29 

3 

it 



204 



8 

18 

0 66 

1 

75 

4 

Us 


212 

220 

' 9 

06 

7 

19 

! 1 87 

' 0 

71 

5 



196 

208 

9 

37 

8 

SO 

2 01 

2 

11 

6 

s, 


182 

196 

9 

06 

9 

72 

1 70 

1 

72 

7 

u. 

Ui 

193 

216 

10 

38 

9 

72 

2 06 

0 

98 

8 

Si 

(( 

196 

205 

10 

10 

9 

01 

1 24 

0 

58 

9 

Si 

ll 

188 

200 

9 

95 

9 

32 

2 19 

1 

44 

10 

Si 

Ui 

193 

212 

9 

37 

10 

23 

1 31 

1 

86 

11 

S 2 

it 

191 

208 

10 

01 

9 

52 

1 95 

2 

16 

12 

If 

Si 

1 200 

220 

9 

65 

9 

52 

2 01 

0 

78 


Table VII 


Analysts of Variance in Parathyroid Assay Based on Fall in Serum Inorganic 
Phosphorus in Rat (Yates) (Symmetrical Pairs, Analyzed to Segregate Interrat 

Error) 


Variation due to 

Degrees of freedom 

Sum of squares 

Mean square 

Days 

1 



Rats, from replicated ro^s 

6 


0 1301 

Doses, Ignoring groups 

3 



Grouping, eliminating dose 

5 


0 0607 

Intragroup error 

8 


0 1386 = 

Total 

23 

’ 8 6799 



Treatment effects 

(1) Differences between S and U = Ta = — 0 75 

(2) “ due to doses (slope) = Tfi = 12 19 

(3) parallels = 7’, = 0 79 

‘‘Just sigmficant difference” — c = (approximately) 4 206 (P = 0 05, / = 2 306) 
Log interval between doses = ^ = 0 5052 
“ ratio of potencies = i TafTb = T 96S9 

Confidence limits (P = 0 05), 

i(Ta n ± cVtI + Tl- C-) ^ +0 1509 
(n* - c») T 77S6 
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A summary of the results of the analysis is piesented m Table VII 
It IS seen that in this e\peiunent the eiroi between lats (grouping, elinunat- 
mg dose, 0 0607) is smaller than the error within rats (mtiagroup error, 
0 1386) Thus no adjustment of the treatment effects for interiat error is 
necessary, and the error variance for intrarat error, Si~ == 0 1386, is used 
directly in the subsequent calculations This result is unexpected, and, 
since it might not occur in additional trials, it is probably advisable to 
continue segregating the inter rat error as a safeguard in future expenmcnts 
In the analysis of covariance for the effect of differences in imtul le\el 
of serum moigamc phosphorus it vas found that adjustment for differences 
in mitral level had little effect on the intrarat error but diminished the inter- 
rat error sigmficantly If tins proved to be a consistent effect m additional 
experiments, an adjustment for mteirat erioi might be made unnecessar}'' 
by calculating the results in terms of the responses adjusted to the same 
imtial level ot seioim morgamc phosphoins, just as it was done for the 
standard dose-response cuiwe described m the foregoing section In this 
expeimrent, howevei, the slope of the legiession of initial level on fall was 
0 2 lathei than 0 5, the value found for the observations on the standard 
dose-iesponse cuive If an adjustment foi variations in initial level is to 
be made m expeuments in this design, it may be nccessar^^ to determine the 
effects of the piocedure on the relation between imtial level and fall 
The sigmhcance of the treatment effects may be assessed by comparing 
them with the “just significant difference,*^ c, calculated from the relation, 
c- — 24 Si“ m which I is the value, derived from Fisher’s (8) table of /, 
foi P = 0 05 and foi the nvunbei of degrees of freedom foi sc (This value 
of c may be approximate lathei than exact) The treatment effects foi 
differences in potency between the standard and the unknown (2a), foi 
paiallehsm of the standard and unknown dose-response curves (Tc), and 
for the slopes of the dose-response curves, t e for the effect of the differ- 
ence in dose levels {Tb)y are calculated by a factorial analysis of the data, 
as descubed by Bliss (7) Smee theie was no differ ence between the 
standard and the unloiown, Ta should be veiy much smallei than c If 
the regression lines i elating dose and response are substantially parallel, Tc 
should be smaller than c If the assay has properly discriminated differ- 
ences m dose levels, should be very much larger than c Table VII 
shows that these conditions are fulfilled, and the assay is tlieiefore valid 
The estimate of the log ratio of the potencies, 1 9689, indicates that the 
potency of the unknown is 93 1 per cent of that of the standard It rs in 
satisfactoiy agreement wth the known identity of the unknoA\n and the 
standard The confidence limits (9), Xl, of 0 1509 and 1 7786 indicate 
that, m a seues of repetitions of the assay, only 1 m 20 would yield an 
estimate of relative potency lymg outside the himts of 142 and 60 per cent 
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These limits may, of course, be narrowed by rephcation of the experiment 
In a sunilar expeimaent with the dog serum calcium method, vnth three 
sets of twelve dogs (4, 8), the estunate of relative potency for an uIlkno^vn 
identical with the standard was 120 4 per cent, "with confidence limits at 
P = 0 05 of 95 and 160 per cent The data of the rat experiment suggest 
that with three sets of twelve rats as good or better estimates might be 
achieved 

DISCUSSION 

The work descnbed m this paper was undertaken m order to devise a 
suitable method for use m work on the isolation and purification of the 
paiathyroid hormone Although the serum morgamc phosphorus is a 
vanable easily susceptible to a number of influences, the evidence presented 
above mdicates that m the fed male white rat changes m the level of serum 
morgamc phosphorus occurrmg m a short time after the subcutaneous 
mjection of parathyroid hormone are sufficiently consistent to provide 
reasonably accurate estimates of the amount of hormone mjected The 
method Avith slx rats at two dose levels agamst a predetermined standard 
dose-response curve was at first employed m a form relatmg percentage 
fall m serum inorganic phosphorus to log dose of hormone This procedure 
was abandoned as unsuitable after the analysis of the relation between 
imtial level and fall in serum morgamc phosphorus showed that the effect of 
vanations m mitial level could be eliminated by adjustmg the observed 
falls to a constant mitial level, and the absolute fall (adjusted) was theie- 
fore used as the measure of the response The estimate of relative potency 
of the preparation descnbed m Table V, based upon the percentage fall m 
serum morgamc phosphorus, was M = 0 3120 zb 0 1236 (205 zb 58 pei 
cent), as compared with, the estimate, based on adjusted fall, of 0 2378 zb 
0 0836 (173 zb 33 per cent) Theie is no great difference m the value for 
relative potency, but m the second instance the error of the estimate is 
considerably reduced 

The vanabihty of the responses are such that an estimation with a small 
number of animals and a predetermmed dose-response curve can be rehed 
upon only to distmguish fairly large differences m relative potencv between 
different parathyroid hormone preparations Such a method, however, 
is immensely useful m foUowmg the major steps of purification m the prep- 
aration of the hormone It offers all the advantages over the dog serum 
calcium method which were cited m the mtroduction to this paper In 
addition, it may offer more rehable estimates of relative potency, smce the 
dog serum calcium method, as it has been employed by most mvestigators, 
is based on the assumption that the response is directly proportional to the 
dose rather than to the loganthm of the dose (3), and this is likely to mcrease 
the imcertamty of the estimates of parathyroid activity 
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The tiial of the Yates symmetrical pairs design shows that the rat serum 
inorgamc phosphorus method is smtable for the proper assay of the para- 
thyioid hormone and is comparable in perfoimance iMth the dog serum 
calcium method, as used b> Bliss and Rose (4) and by Bliss (7) The data 
of tlus experiment were at hist analyzed by the ongmal piocedure of Yates, 
as described b} Bliss and Rose (4), with results that compared well with 
theirs The lecent deielopment of a method for segregating mterpair 
information (7) made it seem desuable to apply this method to these data 
The information gamed on the i elation between mtrapau and mterpair 
error indicates that, if fuithei tiial of the design shows this relation to be 
consistent, a pioceduie m a smiplei design may be adopted which, because 
of its ease of replication, may lead to a consideiable reduction m the errors 
of the estimates of lelative potenc}^ Ei en in its present foim, hoivever, 
the assay, which can easily be earned ovit by a single expenenced person, 
may be most useful m the final cntical stages of purification as well as m 
the routine standardization of the parathyroid hormone 

It IS reahzed that the method m its present foim is as yet imperfect 
If, as IS suspected, the difterences in behavior of the lats in Groups I and 
II are due to differences m the lation, it is possible that a careful study of 
^ the effects of the composition of the diet on the response to the hoimone may 
lead to the discoveiy of conditions m winch the sensitiinty of the animals 
and the umfoimity of then i espouses to the hoimone can be gieatly m- 
creased Such a study may also thrown light upon another charactenstic of 
the rats used in this mvestigation, the high levels of serum morgamc 
phosphoms both m the fed and m the fasted state These values w^ere at 
fiist regarded A\uth suspicion, and the method was carefully checked and 
rechecked several times in the couise of the mvestigation No technical 
eriois were discovered, and the observed i alues weie consistently obtained 
m the moie than 350 lats used m this stud}" This ma^^ be a property of the 
stiain of rats used If so, it is possible that this “hypoparathyroid'^ 
charactenstic of the rat is essential to the success of the method 

The authors are glad to acknowdedge their gratitude to Dr C I Bhss, 
of the Connecticut Agiicultural Expeiiment Station, for Ins generously 
given advice and cnticism on the statistical problems ansmg m this work 

SUMMABY 

Evidence is presented to show that the subcutaneous injection of para- 
thyroid hormone into male albmo rats m the fed (postabsorptive) state 
pioduces m 3 horns a fall m serum moigamc phosphorus which is directly 
proportional to the logarithm of the dose of hormone administered (m 
U S P units) This relation can be used to establish a standaid dose- 
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response curve mth which it is possible to carry out simple and rapid 
estimations of parathyroid activity in preparations denved m the course of 
chemical work on the isolation and punfication of the hormone 
An example is given of an assay employmg twelve rats m a more rigorous 
experimental design, the symmetrical pairs design of Yates, which demon- 
strates that the rat seium inoiganic phosphorus method is comparable in 
reliability and accuiacy mth the dog serum calcium method, employed in 
the same design, for the estimation of parathyroid hormone actmty 
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A NEW PREP/UIVTION OF THE PARATHYROID HORAIONE* 

iMAURICE V LlIEUREUX,t HELEN M TEPPERJMAN i and 
VLFRED E WILHELiMI 

{From the Deparment of Physiological Chemistry, Yale Umverstiy, New Haven) 
(Received for publication, December 11, 1946) 

The first successful attempt to obtain moie active preparations of the 
paiathyioid hormone than those desciibed by CoUip and Claik (1) was 
repotted by Ross and Wood (2) in 1942 Then method was based upon an 
extinction of beef parathyioid glands with hot dilute acid, followed by 
fractionation of the extiact with alcohol and then vath ammomum sulfate, 
and adsoiption of the active pimciple onto benzoic acid They obtained a 
senes of preparations with a ''nitiogen potency,'' activity m U S P 
units per mg of mtiogen, of 200 to 300, 2 to 3 tunes as active as the best 
prepaiations of Colhp and Clark This papei is a report upon another 
method of seeming parathyioid hormone piepaiations of mtrogen potency 
200 to 300 in decidedly gi eater yields than those achieved by Ross and 
Wood 

The new method has three principal steps (1) preparation of a dry, 
lelatively fat-free gland povder, (2) extinction of the gland powder wth 
warm dilute hydiochloiic acid, (3) fractionation of the denied extiact with 
acetone The pioceduie 3uelds about 10,000 umts pei 100 gm of fresh 
glands, several times the quantities obtained by pievious methods The 
activity of the prepaiations was in each instance estimated by their effect 
on the serum phosphoius of the lat, as desciibed in the foregoing paper (3) 

EXPERII^IENTAL 

Materials and General Methods — ^Fresh frozen beef parathyroid glands 
were stored m a freezer and worked up in small lots as requned U S P 
acetone and chloroform were used m the defattmg of the glands The 
acetone used in the fiactionations was caiefully redistilled Nitrogen was 
determmed by the micio-Kjeldahl method The potenc}^ of most of the 
fractions was tested on gioups of six lats at two different dose levels, as 

* The data forming the basis of this paper \^ere taken from the dissertations sub- 
mitted by Helen Murphy Tepperman and Maurice V L’Heureux in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy, Yale Umversity, 1942 and 
1944, respectively 

t Present address, Department of Biological Chemistry, Loyola Umversit> School 
of Medicine, Chicago, Illinois 

+ Present address, Department of Pharmacology, School of ^Medicine, Syracuse 
Umversity, Syracuse, New York 
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descubed for the shoit method of estmiation of parathyroid activity m the 
foiegoing papei (3) 

Isolahon of Active Mateiial — (1) Piepaiation of gland powder The 
fiozen glands aic thawed out and ground to a coarse pulp by passing them 
In e tunes thiough a meat giinder The pulp is mixed with coarsely ground 
solid carbon dioxide and lefrozen This material is passed through a 
mechanical gnnder (Straub), previously chilled with dry ice, first with a 
coarse setting of the cutting plate and agam wuth a fine plate setting 
After the solid carbon dioxide has evapoiated fioni the pow^der in the cold, 
the ground tissue is suspended m acetone (250 ml per 100 gm of fresh 
glands) for 10 minutes and filtered by suction This treatment is repeated 
wuth one-half the amount of acetone The residue is then stirred mth 
chloioform (200 ml pei 100 gm of fiesh glands) for 20 minutes and filtered 
by suction The treatment is repeated with onc-third the amount of 
chloroform The tissue powdei is nnsed with a little acetone and dried 
m an air stream The mateiial may be extracted immediately or preserved 
m the cold until required It appeals to retain its activity for at least 
several months 

(2) Plydrochloiic acid extiaction The gland powder is suspended m 
warm (40°) 0 2 n h 3 ''diochlonc acid (10 ml pei gm of powder) The 
mixture is heated to 70-80° m a water bath foi 5 mmutes, after which the 
bath IS removed and the extraction is continued foi 2 hours Efficient 
mechamcal stirimg is maintained throughout the entire process The 
mixture is centrifuged foi 45 minutes at 1500 n p m , and the opaque super- 
natant liqmd is decanted The residue is washed repeatedly on the centn- 
fuge With small lots of distilled water until the volume of the combined 
supernatant liquids totals 1 5 tunes that of the 0 2 n hydrochloric acid 
used m the extiaction The extract is cleaied of fat and tissue particles 
by filtration thiough a pad of filter papei pulp with the aid of a little 
suction A water-clear or slightly opalescent solution is thus obtained 

(3) Fractionation ivith acetone 4 volumes of acetone are stirred 
mto the combined extract and washings (acid to Congo led) A precipitate 
flocculates and settles rapidly After the mixtuie has stood for 2 hours m 
the cold, it is filtered thiough a Buchner funnel The precipitate is washed 
ivith SO per cent acid acetone (acid to Congo led) and discarded The 
washmgs are added to the filtiate When the filtrate is carefully neutral- 
ized to htmus with 2 N sodium hydi oxide, a precipitate forms Precipita- 
tion is completed by mcreasing the acetone concentiation of the mixture to 
86 per cent by volume The piecipitate is allow^ed to settle overnight m 
the cold, IS collected at the centrifuge, w^ashed three times mth anhydrous 
acetone,’ and dried over sulfunc acid in a vacuum desiccator m the cold 

The details of one prepaiation aie summarized m Table I, A The 



L’HEUULtJX, 'I’EPPLRMAN, AND ^VILHELM 


169 


activity of the cleared extract was estimated upon suitable amounts of a 
lyophilized 10 ml aliquot Since the matenal msoluble in 80 per cent acid 
acetone appeared to be ineit (early tnals showed that it was mactive at 
dose levels of 5 mg of nitrogen), no estimations ivere made on this fraction 
The material remaining in solution in neutral 86 per cent acetone w^as 


Fraction 


Table I 

Extraction of Parathyroid Powder 


Yield 


Nitrogen 


Nitrogen 

potency* 


ToUl 

units 


A Typical e\traction of parathyroid gland powderf 


HCI extract, 10 ml aliquot 

B 


B 

36 ± 9 


86% neutral acetone ppt 




209 ± 64 

43,450 

Residue 

Wm 

1 7 

m 




B Summary of results of acetone fractionation of acid extracts of gland powder 


HCI extract D3 



0 365t 

28 ± 12 

1 10,200t 

D4 



0 360t 

36 ± 9 


D6 



0 441t 

76 ± 17 

33, soot 

90% acid acetone ppt D1 



0 028t 

173 rt 33 

4,850t 

D2 



0 036t 

181 ± 36 


D3 



0 036t 

311 =b 75 

11,200J 

86% neutral acetone ppt D3 § 



0 005t 

239 ± 35 

l,200t 

D4 



0 065t 

209 d= 64 


D6 



0 053t 

560 dz 144 

29,680t 

C Fractionation of crude parathyroid preparation (Ross) 

Starting material 

19 5 

12 8 

2 496 

52 ± 15 

129,800 

86% neutral acetone ppt 

8 5 

14 4 

1 224 

184 zb 47 

225,200 

Same, retested 30 days later 




109 zb 20 

133,400 


* Potency in U S P umtspermg ofmtrogen 

t Extraction D4, 28 5 gm of parathyroid gland powder (equivalent to 318 gm 
of fresh glands) , final volume of cleared extract, 600 ml 

t Yield in gm of nitrogen, and total umts, expressed per 100 gm of fresh glands 
§ Bulk of active material removed in 90 per cent acid acetone precipitate 


recovered by distillmg off the acetone imder reduced pressure, dialyzmg the 
aqueous solution against distilled w^ater m the lefngerator, and lyophihzmg 
the neutral dialyzed solution The residue contamed a. httle mtrogen 
accorapamed by some non-mtrogenous, non-dialyzable matenal In two 
estmiations, the mtrogen potency of this fraction was found to be 129 ± 31 
and 126 ± 30 umts No considerable amount of active matenal is there- 
fore lost m the residue 
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Table I, B sunimaiizes data fiom five preparations made m the com*se 
of developing the pioccdure In each mstance a laige amount of inert 
material vas piecipitated iiom SO pei cent acid acetone solutions of the 
extracts Most of the active matciial could be precipitated fiom acid 
solution by laising the acetone conccntiation to 90 pei cent, but the 
recoveiy of activity vas moie complete if the SO pei cent acid acetone solu- 
tion was first neutialized and then brought to 80 to 90 per cent of acetone 
Table I shows m the estimates of total activity m the hydiochlonc acid 
extract and in the estunates made upon the actue fiactions that the 
piocedure bungs about a 7- to 10-fold mciease m actuity with little oi no 
loss, and that the total yields aie of the older of 10,000 units pei 100 gm of 
fresh glands 

At a tmie when fiesh paiathyioid glands were unobtainable, we were 
provided wath 810 gm of a diicd beef paiathyioid gland powder which 
had been prepared as follows ^ 10 pounds of fiesh beef paiathyioid glands 
w^eie ground thiough an Enter piise gimdei into 10 liters of acetone The 
mixtuie w^as stiiicd foi an houi, hlteied, and stiiied foi in houi twice with 
4 liters of acetone The tissue w is then stiiied foi an houi twice with 4 
hteis of ethei, the fiiat mixtiuc bemg allowed to stand overnight The 
tissue was filteied off, diicd m an , and giound thiough a coin mill Three 
lots of 90, 72, and 54 gm of this mateual were extracted wath dilute acid 
and fiactionated with acetone, as desciibcd abo^e No highty active 
fiactions w^eie obtained The indicated nitiogeii potency'' of the best acid 
extract was less than 10 umts, and tint of the 90 pei cent ncutial acetone 
precipitates was only 30 to 40 units These failuies must be reported 
without an adequate explanation The amounts of nitiogen extracted and 
the partition of nitiogen between the acid and neutial acetone fractions 
were not very dilfeient fiom those obser\ed in the eaihei piepaiations 
It may be pointed out that in oui piocediue the defatting of the glands is 
less thorough and is earned out m the cold, and the final giindinp is done at 
low temperature It is possible that diy grmding at loom temper atuie 
denatures and destroys the activity of the mateual 

This distuibmg experience led us to repeat oui procedure on a small 
batch of 175 gm of fiesh fiozen beef paiathyuoid glands that had been held 
in reserve This was Piepai ition D6 (Table I, B) The results w^ere 
satisfactory and were not inconsistent with those of the eaihei preparations, 
although the estmiates of potency both of the extract and of the neutral 
acetone fraction were higher than usual In these estimations the rats 
used had somewhat lowei imtial levels of seium moigamc phosphorus than 

I V/e are glad to acknoivledge our gratitude to Dr Irvine H Page and to Dr H W 

Uliodeliamel, of Eh Lilly and Company, for their generous efforts to help us m an 

emergency 
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were ordinal ily found The adjustment of the observed i espouses to the 
same initial lc\ el as that for the obseivations on the standaid curve (3) 
uas liiger than usual, and it had the effect of mci easing the lesponse in 
ever}’’ inslaiicc The ciioib of the estimates indicate that they do not fall 
far outside of the expected lange m a senes of observations It may be 
concluded, then, that lepioducible lesults can be obtamed if the entire 
proceduie of piepaiation and extinction is follou ed exactly 

Tlnough the geneiosity of Di William F Ross, then of the Department 
of Biochemistry, Harvard Medical School, about 20 gm o^ a crude para- 
thyroid hormone piepaiation ueie guen to us This is the startmg 
material for the unmomum sulfate fractionation of Ross and Wood (2) 
Its mtrogen potency, estimated b} the dog serum calcium method (4, 5), 
was stated to be about 30 units Oiu estimate, with the rat serum phos- 
phoiais method (3), uas m fpii agieement 52 zt 15 units 19 5 gm of 
this material were dissoh ed in 1300 ml of 50 per cent acid acetone (pH 2), 
melt material was piecipitated by laising the acetone concentration to 80 
per cent, and an active fi action was obtamed as usual from 86 per cent 
neutral acetone This piecipitate was dissolved m dilute acid, forming a 
solution of pH 3 5, and solid ammonium sulfate was added to 0 6 satura- 
tion The solution stood overnight m the cold It was then centiifuged 
and the piecipitate w’as suspended m watei, thoioughly dialyzed against 
distilled water, and finally lyophilized The results of the estimates of 
potency on this mateual aie piesented m Table I, C The twm estimates 
of potency do not diffei sigmficantly About one-half of the mtrogen of 
the starting material w’as lecoveied in the active fraction, and the increase 
in activity w^as about 2-fold The level of mtiogen potency attamed m 
this fractionation was much less than that of the similar fractions of Table 
I, B, and it is about the same as that attamed by Ross and Wood (2) after 
ammomum sulfate fractionation of then starting material Although the 
recovery of total activity m the acetone fractionation is good, the results 
suggest that matenal obtained by digestion of the glands m hot acid is not 
as susceptible to fractionation b}’’ acetone as the pioduct of the mild acid 
extraction of the gland powdei 

So'ine General Properties of Active Fi actions — The active materials ob- 
tamed by the new method are hght brown amorphous pow^ders They 
dissolve leadily m dilute acid to foim clear yellow-brown solutions Like 
the pieparations of Ross and Wood, they aie fairly msoluble over the 
range, pH 4 5 to 10 The active mateual is soluble m 80 pei cent alcohol 
and m 80 per cent acid acetone, but is largely msoluble m 90 per cent acid or 
neutral acetone The 90 pei cent acid acetone precipitates contam 13 to 14 
per cent of mtrogen, the neutial acetone precipitates contam var^nng 
amounts of sodium chloride and the mtrogen contents are dimini shed 
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proportionately The preparations gave positive biuret and negative 
iMohsch tests 

At pH 3 5 and -5-0°, ammonium sulfate m concentrations greater than 
0 22 saturated precipitated active material, but no concentration of 
activity was gained m this process and about 50 pei cent of the total 
activity was lost Attempts to secure more active fractions by isoelectric 
precipitation were only moderately successful In one instance, 1 014 gm 
of a 90 per cent acid acetone precipitate (Fraction D2, Table I, B) were 
dissolved m 25 ml of water To this solution (initial pH 2 0) 0 1 ii sodium 
hydroxide was added slowly until maximum precipitation m as obtamed at 
pH 6 S The mixture was centnfuged, the u ater-clear supernatant solu- 
tion was decanted and lyophilized, and the precipitate iias Mashed four 
times with anhydrous acetone and dried in vacuo over sulfunc acid The 


Tvbll II 

laoeleclnc Precipitalwn of 90 Per Cent Acid Icetone Fraction of Parathyroid Gland 

Extract 


Fraction 

Amount 

I^itiogcn 

Nitrogen 

potency 

Total 

units 

90% acid acetone fraction, D2 
pH 6 8 ppt 
“68 supernatant 


per cent 

14 0 

15 6 

11 3 

0 142 

0 090 

0 031 

ISl =h 36 
162 ± 36 
354 ± SS 

25,700 

14,600 

12,000 


products Mere weighed, analyzed foi mtrogen, and assajed, Mith the 
results shoivn m Table II The lecovery of total acti\ ity was good and the 
supernatant fraction, one of the most actu e achieved m this w ork, repre- 
sented about 50 pel cent of the total activity Repeated isoelectric pre- 
cipitation might have mcreased the yield of more highly active matenal, 
but, smee the partition of actmty w as nearly equal and the more active 
fraction was still heterogeneous, this procedure w^as not considered an 
efficient step in the punfication of the hormone 

The electrophoretic behavior of the more active fraction from the 
isoelectnc precipitation and of a 90 per cent acid acetone precipitate 
(Fraction 1)3, Table I, B) was studied m a Tisehus apparatus Muth the 
cell modification suggested by Longsworth The protem boundaries were 
observed with the aid of the Philpot scanmng device, and were photo- 
graphed at smtable time mtervals For the experiments, 2 per cent solu- 
tions of the matenals m acetate buffer (0 1 si, pH 3 5, lomc strength 0 1) 
were prepared and dialyzed against the buffer for 15 hours The results 
are illustrated m Fig 1 Both of the preparations are seen to be hetero- 
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Fig 1 Electrophoretic patterns of the ascending boundaries in two expenments 
with parathyroid hormone preparations Protein concentration, 2 per cent, 
buffer, 0 1 m acetate, pH 3 5, 0 1 m sodium chloride, lomc strength 0 1, temperature 
3®, current 3 milliamperes, voltage 30 volts A, FraotionD3, exposures (top to ot- 
tom) at 70, 120, 180, and 270 minutes, B, fraction from supernatant solution in 
isoelectric precipitation (pH 6 8) exposures (top to bottom) at 0, 145, and 250 minutes 


Fig 2 Analytical ultracentrifugaton of crude parathyroid hormone prepa^tion 
(method of Colhp and Clark) Protein concentration, 2 4 per cent in 0 1 M iSaUl, 
weakly alkaline (pH 8 2) 14 mm of fluid cell 750 k p s , final rotor temperature 

14°, exposures, left to right, at 20 minute intervals 

geneous, contammg at least two components m about equal amount U 
the activity is associated with only one of these fractions, one might 
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expect to find m a pure (or a homogeneous) preparation a mtrogen potency 
of the order of 500 to 800 units per mg Since the preparations were not 
homogeneous, no attempt was made to determine the electrophoretic 
mobilities accuiately A rough calculation from the present data indicates 
that for the leachng fraction = 4 8 X 10"‘ cm - volt"^ sec and for the 
slowei component, a = 3 6 X 10~^ cm - volt“^ sec 
The 2 per cent solution of Fraction D3 used above was also examined 
m a Beams air-driven analytical ultracentrifuge equipped for optical 
study by the Toepler schlieren method, as modified by Philpot The 
solution was contamed m a 14 mm (fluid) Lucite cell m the analytical 
rotoi The run was earned out for 1 hour at 300 r p s (23,600if) and 
foi 1 hour at 500 r p s (65,400(/) During the latter penod the imtial 
protem boundary shifted slightlj’-, owmg to cell leakage, but there were no 
signs of any sedimentmg fraction Tins material docs not therefore appear 
to contain protem of high moleculai weight (240,000 or more) such as Boss 
and Wood (2) reported m their most active pieparations 

In another experiment a 2 4 per cent solution of a piepaiation made by 
the classical method of Collip and Clark (1), with a mtiogen potenc3'- of 
100, was run m the analytical centrifuge for 3 hours at 750 a p s (146,0001?) 
Fig 2 is a tracmg of photographs of the sedimentation boundaries observed 
durmg the nm Two small rapidly sedimenting components and two 
prmcipal lighter components may be seen Of the latter, the leading 
fraction had a sedimentation constant of 11 5 Svedberg units (molecular 
weight of the order of 250,000), and the hghter component had a sedimenta- 
tion constant of 4 1 Svedberg umts, indicating that its molecular weight 
lay betw'een 60,000 and 80,000 There wrs also some hghter material that 
did not sediment dunng the nm, so that at least five components were 
present m this crude preparation The results of a partial separation of 
this mixture by ultracentnfugation m a quantity rotor suggested that the 
activity was associated with the lighter components, w^hich is m agreement 
with the conclusions of Boss and Wood, draivn from a similar experiment 
with their material, and with the observations cited above that no com- 
ponent of high molecular weight is present m the matenal prepared by the 
method desenbed m this paper 


DISCUSSION 

This study began with a senes of attempts to punfy crude parathyroid 
hormone preparations made by the method of CoUip and Claik (1) Am- 
monium sulfate, lead acetate, dilute trichloroacetic acid, and acid alcohol, 
alone or m combmation, were neither consistent nor efficient m concentrat- 
ing the active prmciple In one instance, fractionation with acid acetone 
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yielded highly ictive mateiial, but the attempt could not at first be re- 
peated The low yields and low and variable potency of the crude prep- 
arations in idc them mefficient as starting materials even for an effective 
method of puiihcalion 

The caieful prepaiation at low tempeiatures of a dry fat-free gland 
ponder made it possible to use mildei methods of extraction which would 
lessen the chance of mactivatmg the hormone (6) and which would not 
alter those pioperties of the accompanymg mert pro tern upon which their 
clean cut chemical sepaiation fiom the active principle might depend The 
mild extraction of the gland pow dei yielded a solution of high total activity, 
no longer susceptible of furthei fiactionation by the method of CoUip and 
Clark but eisily fiactionable, nathout seiious losses of activity, mth 
acetone A direct extraction of the ponder nath acid acetone aho yielded 
lughly acti\ e mateiial, but it was accompamed by a pigment most trouble- 
some to remove, so tins procedure was not adopted 

The preparations desciibed here are similar to those of Ross and Wood 
(2) m respect to then piotem chaiacter, the apparent absence of carbo- 
hydrate m them, their solubility at different hydrogen ion concentrations, 
and the Older of their mtiogen potenc}^ They differ m not appealing to 
contain a component of high molecular Aveight and m the greater yield of 
active substance per umt weight of fresh glands 

This material was not more thoroughly characterized because, as the 
electiophoresis experiments showed, it is heterogeneous, and the true 
properties ot the hormone are therefore still m doubt This simple method, 
however, improves the opportumties for purification, and it is hoped that 
it will contnbute toward the isolation and proper charactenzation of the 
pure paiathyroid hormone 


SUMMARY 

A simple method of making parathyroid hoimone preparations is de- 
scribed It comprises (1) the preparation at low temperatures of a diy, 
fat-free gland powder, (2) a gentle extraction \vith dilute h3diochlonc 
acid, (3) fractionation of the extract m two steps, vuth acid and neutial 
acetone The procedure yields material of potency 200 to 300 U S P 
umts per mg of nitrogen m quantities of 10,000 or more umts per 100 gm 
of fresh glands 

Some of the properties of the preparation are described Electrophoresis 
shows it to be heteiogeneous, contaimng at least tvo components Ultra- 
centrifugal analysis sho\\s that no substance of high molecular weight is 
present 
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THE jMECIIANISiM OF ACTION OF THE ANTIFATTY LIVER 
FACTOR OF THE PANCREAS 

III A COMPARISON OF inDROL^ZED AND UNHYDROLYZED CASEIN 
IN THE PREVENTION OF FATT\ LIVERS OF THE COIMPLETELY 
DEP VNCREATIZED DOG MAINTAINED WITH INSULIN* 

Bi I L CHAIKOFF, C ENTENIMAN, axd M LAURENCE MONTGOMERY 

{Ftovi the Divisions of Physiology {Berkeley) and Surgery {San Fiancisco), 
Uniicrsiiy of California Medical School) 

(Received for publication, December 27, 1946) 

The fatty hvers that appear in completely depancreatized dogs mam- 
tamed wth msulm and fed a high piotem diet can be prevented by the 
administration of one of the followmg (a) chohne (1), (b) methionme (2), 
(c) fractions derived from law pancreas (3), and (d) pancreatic juice (4) 
The action of the last two cannot be accounted for by their methionme and 
chohne contents (3, 4) Evidence has also been presented m support of 
the view that the antifatty liver factor contamed m pancreatic juice is 
identical with that of raw pancreas (4) 

Smee methionme prevents fatty mfiltration m the liver of the rat by 
providmg methyl groups for the synthesis of chohne (5), it was argued (2) 
that the synthesis of chohne from methionme is not mterfered with m the 
dog depnved of its pancreas Moreover, m view of the fact that the diet 
received by these depancreatized dogs while developmg fatty hvers is not 
deficient in methionme (each dog received 500 gm of lean meat per day) 
it was postulated that the antifatty liver factor contamed m the external 
secretion of the pancreas and m fractions isolated from raw pancreas is 
like a proteolytic enzyme which is necessary for mgested protems to exert 
their fuU lipotropic effects (6) 

Further evidence m support of this hypothesis is presented m this 
report It is demonstrated here that purified casern, the feedmg of which 
“ resulted m the development of fatty livers m the completely depancreatized 
dog mamtamed with msulm, can be made to prevent fatty hvers by hydro- 
lyzing it before feedmg 

EXPERIMENTAL 

PTeparahon of Casein Hydrolysate ^ — 1 kilo of Labco casein (vitamm-free, 

' ^holme-free) was added with thorough shakmg to 5 hters of cold 5 n H2SO4 

* Aided by grants from the Nutrition Foundation and the Christine Breon Fund 
for Medical Research 

^ The advice of Dr Melville Sahyun of Frederick Stearns and Company is grate- 
fully acknoi\ ledged 
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FACTOR OF THE PANCREAS 

Iir A COMPVRISON OF inDROLYZED \ND UNHYDROLYZED CASEIN 
IN THE PRE\ ENTION OF FATT\ LIVERS OF THE COMPLETELY 
DEPVNCRE VTIZED DOG MAINTAINED WITH INSULIN* 

B\ I L CfUIKOFF, C ENTENMAN, \nd M LAURENCE MONTGOMERY 

{From the Diiisions of Physiology {Berkeley) and Surgery {San Francisco), 
Vnncrsily of California Medical School) 

(Received for publication, December 27, 1946) 

The fatty livers that appear m completely depancreatized dogs mam- 
tamed with msulm and fed a high protem diet can be prevented by the 
admmistration of one of the follo^vmg (a) cholme (1), (6) methionme (2), 
(c) fractions derived from law pancreas (3), and (d) pancreatic juice (4) 
The action of the last two cannot be accounted for by their methionme and 
cholme contents (3, 4) Evidence has also been presented m support of 
the view that the antifatty liver factoi contamed m pancreatic juice is 
identical with that of raw pancreas (4) 

Smee methionm^e prevents fatty m filtration in the liver of the rat by 
providmg methyl groups for the synthesis of cholme (5), it was argued (2) 
that the synthesis of cholme from methionme is not mterfered with m the 
dog depnved of its pancreas Moreover, m view of the fact that the diet 
received by these depancreatized dogs while developmg fatty hvers is not 
deficient in methionme (each dog received 500 gm of lean meat per day) 
it was postulated that the antifatty liver factor contamed m the external 
secretion of the pancieas and m fractions isolated from raw pancreas is 
like a proteolytic enzyme which is necessary for mgested protems to exert 
their full lipotropic effects (6) 

Further evidence m support of this hypothesis is presented m this 
report It IS demonstrated here that purified casern, the feedmg of which 
- resulted m the development of fatty livers m the completely depancreatized 
dog mamtamed With msuhn, can be made to prevent fatty livers by hydro- 
lyzmg it before feedmg 

EXPERmENTAL 

preparation of Casein Hydrolysate ^ — 1 kilo of Labco casein (vitamm-free, 

' cholme-free) was added with thorough shakmg to 5 hters of cold 5 n H2SO4 

* Aided by grants from the Nutrition Foundation and the Christine Breon Fund 
for Medical Research 

^ The advice of Dr Melville Sahyun of Frederick Stearns and Company is grate- 
fully acknowledged 
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mfiltiation of large amounts of fat m the liver of a depancreatized dog (9) 
In Table III the effects of feeding casein and hydiolyzed casern upon the 
development of fatty livers are compared There can be little doubt from 
these results that the failure of 80 gm of casern to prevent fatty livers is 
due to the mabihty of the depancreatized dog to release an effective amount 
of methionme from this casern 

The lesults shown m Table IV demonstrate that the methionme content 
of 20 gm of casern can fully account for the lipotropic activity of this 
amount of hydiolyzed casern The dogs m this experiment were fed 500 
gm of lean meat daily In addition, the first five dogs received daily 20 
gm of hydrolyzed casein, whereas the last three dogs received daily 0 6 

Tabli/ IV 


Showing that Antijaity Liver Action of 20 gjti of Hydrolyzed Casein Can Be Accounted 

for by Its Methionme Content 


Dog No 

DajJy 
diet 
(20 
wks ) 

1 Body weight 

Liv er 

At start 

At starting 
Diet D or L 

Final 

Weight 

Total fatty 
acids 



ks 

h 

1 

! 

t!g 

gm 


D576 

D 

14 0 

12 8 

11 2 

503 


D578 

If 

10 5 

10 2 

10 9 

380 


D579 

t( 

7 6 1 

6 6 

8 7 

j 100 

3 1 

D571 

It 

10 1 

9 5 

9 3 

' 422 

' 4 9 

D580 

it 

14 0 

13 5 

12 0 

545 


D599 

E* 

9 2 

7 0 

7 4 

417 


D601 

u 

12 0 

10 6 

, 8 9 

387 


D607 

(t 

9 8 

9 1 

' 10 0 

315 

WBm 


* Each animal received a total of 84 gm of methiomne during the 20 \\eek period 
of observation 


gm of free methionme Both types of supplementaiy treatment com- 
pletely prevented the development of fatty hveis 

DISCUSSION 

The hypothesis formulated m an earlier communication to explam the 
development of fatty livers m completely depancieatized dogs mamtained 
with msulm is fully supported by the experimental evidence presented in 
the present mvestigation The pronounced difference m the antifatty liver 
action of hydrolyzed and unhydrolyzed casern and the demonstration that 
the antifatty liver effect of 20 gm of casern can be accounted for by its 
methionme content justify the conclusion that m the gastromtestinaJ tract 
of the completely depancreatized dog mamtained mth msulm there is an 
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mterfeience in the mechanism whereby the methionine of protein is made 
available foi hpotiopic purposes This defect, so far as the fatty hver is 
concerned, can be oveicome by the feeding of cholme or of its precursor, 
mcthionme, oi of fi actions isolated from raw pancreas Although pre- 
limmaiy mvestigations m this laboratory and m Best’s laboratory (10) 
haae shomi that tiypsm and chymotrypsm aie present m punfied pancreas 
fractions, the question whether trypsm and antifatty hver activity are 
identical must be left open foi the present 

smniABY 

1 In contrast to mihydrolyzed protem which, even when fed m very 
laige amounts, fails to stop the development of fatty hvers, hydrolyzed 
casern readily prevents fatty livers m completely depan creatized dogs 
mamtamed with msulin 

2 The antifatty liver action of 20 gm of hydrolyzed casern m this animal 
preparation can be accounted for by its methionme content 

3 The eandence presented heie supports the view that a defect respon- 
sible for the development of fatty livers m the completely depancreatized 
dog mamtamed ivith msulm is m the mechanism by which the methionme 
of mgested protem is made available for lipotropic purposes 
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THE RAPID ESTLAI \.TION OF TYROTHRICIN IN 
FERAIENTATION LIQUORS 

B\S C R1TTENBERG,*I[ E SrERNBERG, and W G BYWATER 
rom (he Rescaich Division of S D Puiicl imd Company , Jersey Cily) 

(Recoi\ ed for public ition, J anuary 3, 1947) 

The ibolatioa of tyioUuicm fiom femientation liquors by the method of 
Dubos and Hotchkiss (3) is, fiom a pioduction standpoint, the most 
satisfactoiy method of deteimming yields The time and labor involved 
m the isolation, ho\\e%ci, make the method unsuitable for routine use 
when dealing with many samples The usual seiial dilution technique 
for detennining the bacteiiostatie concentiation against a test oigamsm 
will give a good estimate of the amount of tyiothiicin in an unknoivn 
solution if the method is piopeily standaidized and if a sufficient number 
of dilutions are used Heie, also, the time and laboi involved preclude 
routine use 

Dimick (2) developed a method based on the hemolytic properties of 
tyiothricm “by means of ivhich it is possible to detemune as little as 100 
mg of ty^rothiicm pei htei of media, wath an accuracy of about 5 per cent ” 
This method is satisfactoiy foi loutine W'ork, but it is mconvenient m 
several lespects, in paiticulai because of the need for establishing a standard 
curve for every lot of blood used, the narrow range of tyrothnem permissible 
in the alcoholic solution assayed, and the necessity^ of havmg a convement 
source of blood 

Hotchkiss (8) pomted out that Dimick’s method essentially measures 
the tyrocidme-like components of tyiotlincin, smee under the conditions 
of the determination gramicidin wmuld have no hemolytic effect, and 
Hoogerheide (5) cnticized the method on the grounds that one may not 
assume that tyiocidme and gramicidin are present m constant proportion 
during the course of the entire glow th cycle How ever, a good correlation 
was obtained betw'een the results of the hemolytic assay and isolated 
tyiothiicm under a wide variety of culture conditions (2, 9), an observa- 
tion that lends support to the view that the ratio of gramicidin to tyro- 
cidine IS remarkably constant under a wide variety of conditions (8) 

In order to expedite a study of the factors which mfluence tyrothnem 
production, an attempt w as made to develop a chemical method of analysis 
If, as the results of Dimick indicate, the proportion of graimcidm and 
tyiocidme is constant under a wide range of culture conditions, then the 

* Present address, Department of Bacteriology, University of Southern Califor- 
nia, Los Angeles, California 
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determination of any amino acid present m either or both components of 
tyrothncm should give a satisfactory measure of the total Smce it has 
been estabhshed by Hotchkiss and others (7, 1 , 4) that tr} ptophane is a 
component of both gramicidin and tyrocidme, accountmg for 40 per cent 
of the mtrogen of the former and 15 4 pei cent of the latter, a coloiimetnc 
method for its determmation in tyrothncm A\as chosen as a means of 
assaying tyrothncm-contaimng bquois 

The tryptophane method of Horn and Jones (6) was apphed to alcohohc 
extracts of material precipitated from fermentation hquors The color 
produced correlated wth the amount of tyrothncm isolated from the 
same hquors and could be used as a rapid, routme method for estimation 
of tyrothncm 

EXPmUME\T\L 

Tyrothncm was produced in shake flask cultures of Bacillus brevis with 
the medium of Stokes and Woodward (10), and isolated by previously 
descnbed methods (3) As a check on the identity of the product, or} stal- 
Ime gramicidm and tyrocidme were isolated and identified by physical 
and chemical tests In a mouse protection test, 1 35 7 of the isolated 
tyrothncm protected 50 per cent of the nuce used against 12,600 min imum 
fatal dose of type I pneumococcus ^ 'WTien assayed in serum albumm pep- 
tone medium by the method of Dubos and Portei,- the isolated material 
inhibited growth of a Gioup D hemolytic streptococcus (Lancefield strain^ 
(HcgDs) at a concentration between 0 20 and 0 25 7 per ml The above 
activities are comparable to those obtamed wnth tjaothncm samples pre- 
pared m other laboratories A composite sample of six lots of tyro- 
thricm havmg the hsted piopeities was used as a standard 

Assay Procedure — ^Weighed samples of the standard were dissolved m 
alcohol* to give solutions of the desiied concentration The alcohohc 
solutions are stable and can be held mdefimtely The color is developed 
by addmg 0 5 ml of 5 per cent ^i-dimethylammobenzaldehyde (prepared 
fresh daily) m concentrated HCl and 0 5 ml of alcohol to 5 0 ml of con- 
centrated HCl This is followed by 1 ml of the tyrothncm solution 
If tyrothncm is present, a pink color develops almost at once After 5 
mmutes, 1 drop of 0 2 per cent aqueous sodium nitrite is added and a blue 
color appears m a few seconds The color density is read aftei 15 minutes 
m a IQett-Summerson photoelectric colonmeter mth a blue filtei (400 to 

1 We wish to express our thanks to the Lederle Laboratories, Inc , for this test 

2 Dubos, R J , and Porter, J , private communication (1946) 

2 Obtained through the courtesy of Dr R J Dubos of The Rockefeller Institute 
for Medical Research 

♦ Specially denatured ethyl alcohol formula No 30, anhydrous used m all the e\- 
penments 
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465 m^) A tube containing 1 5 ml of alcohol, 5 ml of concentrated 
HCl, 0 5 ml of the 5 pei cent 2;-dimethylaminobenzaldehyde solution, 
and 1 drop of 0 2 pei cent sodium nitiite is used as a blank 
Table I sho^^s the coloi densities obtained fiom diffeient amounts of 
the standard t3aothncin sample The densities aie averages of thiee 
sepaiate deteiminations The ratio of tyiothricm to coloi density {IQ is 
almost constant with a maximum deviation fiom the a^ eiage A of 5 3 per 
cent and an aveiage deviation of 1 7 pei cent It is obvious that the color 
developed is directly piopoitional to the amount of tyiothiicm ovei the 
range tested 


Table I 


Color Densities from Known Amounts of Tyrothiicin 


Tyrothricm 

Color density* 

Spread! 

K, tyrothricm to 
density 

De\iation from 
mean K 

y 

25 

11 7 

7 

2 14 

per cent 

5 3 

50 

22 5 

9 

2 22 

1 8 

75 

32 

12 

2 34 

3 5 

100 

44 7 

5 

2 24 

0 9 

200 

87 

12 

2 30 

1 8 

300 

131 

7 

2 29 

1 3 

400 

178 

5 

2 25 

0 4 

,500 

217 3 

4 

2 20 

2 7 

600 

262 5 

3 

2 29 

’ 1 3 

700 

307 3 

7 

2 28 

0 9 

800 

351 

0 

2 28 

0 9 

900 

397 

3 

2 27 

i 0 4 

1000 

441 

0 

2 27 

0 4 


* Average of three determinations, Klett^Summerson photoelectric colorimeter 
t Difference between maximum and mimmum color value 


The maximum spiead between the high and low coloi leadmg foi a 
given amount of tyrothricm is 12 color umts with an average spread of 
6 umts In teims of tyrothricm, this represents 13 5 7 to 27 7, the mm i- 
mum uncertainty m any smgle detennmation 

Assay of Fermentation Liquors — To assay a cultme medium, 5 to 10 ml 
of a lepresentative sample are accurately measured mto a centiifuge tube 
The pH of the liquor is adjusted to betw^een 4 0 and 4 5 by addition of a 
piedetermmed quantity of hydrochloiic acid The cells and piecipitated 
mattei aie centrifuged down and the clear supernatant liquor is decanted 
Exactly 5 ml of alcohol are added to the tube, the sediment is resuspended, 
the tube is shaken foi 10 minutes, allowed to stand for 20 minutes, and 
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recentrifuged 1 ml of the cleai alcoholic extract is used for the color 
development This quantity is equivalent to 1 to 2 ml of the fermentation 
liquor, depending on the size of the initial sample The range can be 
increased if necessaiy by varying the size of the imtial sample or the volume 
of alcohol used for extinction 

Routmely 1 ml of a solution contaimng 200 7 of the standard is run 
along with each set of unknowns This quantity ivill give a color reading 
of 85 ± 4 color units The quantity of tjrothricin in the unknown is 
calculated by multiplying the latio of the unknown color lalue to the 
standard color value by 200 



Fig 1 The relation betw een color density in scale units of Klett-Summerson photo- 
electric colorimeter, and volume of culture liquor assayed 

If oils have been used as antif earning agents m the course of the fermen- 
tation, the final color solution will be cloudj’’ In such cases, extraction of 
the coloied solution with caibon tetiachloiide followed by centrifuging will 
remove the cloudiness uithout affecting the color density 
The accuracy and lehability of the method when applied to fermentation 
liquors were assessed in several ways, by analysis of different volumes of 
the same liquor, by isolation of tyrothiicin from assayed liquois, and by 
assays of hquois to which known quantities of pure tyrothricin were 
added Fig 1 gives the results of foui expeiaments m which different 
volumes of the same hquor were assayed When samples greater than 3 
or 4 ml were used, the color densities fall on straight hnes that intersect 
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at the zero point Smaller samples gave densities that were relatively high 
and the amount of tyrothricm calculated from these values will be pro- 
portionately Ingh The cause of the abnoimal lesults with small samples 
has not been determined but the difficulty is avoided by using a sample 
sufficiently large to give a color readmg of at least 150 On several oc- 
casions, when large amounts of tyrothncm were present, the mitial alco- 


Table II 

Comparison of Assay Values and Isolated Tyrothncm 


Total tyrothncm by color assay 

Isolated tyrothncm* | 

Recovery 

im 

im 

cent 

4 82 

3 90 

81 

0 65 

0 58 

89 

2 33 

1 92 

82 

4 44 

3 56 

80 

3 10 

2 40 

1 78 

3 45 

3 20 

1 

I 93 


* The weight of the final purified product having a bacteriostatic potency equal 
to the standard employed 


Table III 

Recovery of Tyrothncm Added to Fermentation Liquor 



Tyrothncm 

Recovery t 

Deviationt 

Original culture 

Amount added 

Total calculated 

Total found* 

y per ml 

y per ml 

y per ml 

y per ml 

per cent 

per cent 


0 


186 



186 

25 

211 


96 

5 0 

186 

50 

236 

232 

98 

1 0 

186 

100 

' 286 

284 

99 

4 5 

186 

200 

' 386 


103 

3 6 


* Average of three determinations 
t (Found)/ (calculated) X 100 

X Maximum deviation from mean of three determinations 


hohe extract was decanted and the sediment reextracted -with a fresh 
portion of alcohol The second extract has never shown more than a 
trace of coloi on assay, thus ehmmatmg the possibihty that the t 3 rrothncm 
was not completely extracted Occasionally, when the tyrothncm level 
IS negligible, especially very early m the fermentation, a visible yeUow- 
green to green color mstead of the usual pure blue develops m the solution 
The color density is not significant when this occurs 

Many experiments were run m which t 3 Tothncm was isolated from 




















GLYCINE AND ALANINE CONCENTRATIONS OF BODY FLUIDS, 
EXPERIMENTAL MODIFICATION 

II VLVOE N CHRISTENSEN, PAUL FENIMORE COOPER, Jb , ROSWELL 
D JOHNSON, AND ELEANOR L LYNCH 

{From The Mary Imogene Bassett Hospital, Cooperstown, New York) 

(Received for publication, December 30, 1916) 

The deteimination of individual ammo acids m body flmds under 
pathological and e\perimental conditions should permit extension of in- 
formation farther than is possible vith procedures that measure ammo 
acids collectively We are leporting some observations upon expen- 
mentally produced changes m the concentrations of glycme and alanme, as 
measuied by chemical methods (1, 2) which are specific to the uncombmed 
forms of these ammo acids * 

The ingestion of 25 to 32 gm of glycme by human subjects resulted m 
uses of the plasma concentration of glycme mtrogen from the normal of 
0 28 to 0 37 mg per cent to values of 2 9 to 7 7 mg per cent, the maximum 
being attained m about an hour Glycine entered the erythiocytes slowly, 
the concentration remaming below that of plasma foi more than 4 hours 
(Table I) After the glycine mtrogen of plasma had been held at levels of 
3 to 5 mg per cent for 4 to 5 hours by the mgestion of several portions of 
glycine totaling 30 and 35 gm , the glycme mtrogen concentrations of the 
spinal fluid were 0 065 and 0 07 mg per cent, compared with five normal 
values of 0 022 to 0 042 mg per cent, averaging 0 031 mg per cent The 
ingestion of 25 gm of glycme mcreased the conjugated a-amino nitrogen 
of tungstic acid filtiates of plasma, only a small part of the mcrease being 
due to glycine The bound glycme exti actable by ethyl acetate from acidi- 
fied tungstic acid filtrates of plasma (which would include hippuric acid) 
was not significantly increased The mgestion of 5 and 6 gm of sodium 
benzoate led to a decrease of the free plasma glycme, a greatei reduction of 
the plasma a-ammo acids, and an increase of 0 4 to 0 7 mg per cent m the 
conjugated diffusible glycme nitrogen of plasma, presumably due to hippuric 
acid Table II illustiates one of these experiments 

The ethyl acetate-extractable, conjugated ammo acid mtrogen of unne 
was taken by Henriques and Sprensen (3) as a measure of hippunc acid 
excretion In human urme they found about half of the conjugated anaino 
mtrogen to be extractable We have partitioned the conjugates by the 
extraction of acidified urine, employmg three extractions of 1 volume "each, 
w'hich was sufficient to extract 99 per cent of the hippunc acid from the 
aqueous solution Wheregs glycme made up only 6 to 17 per cent of the 
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fiee a-amino acid nitiogen of uuiie, both fiactions of the conjugates were 
iich in glycine (Tabic III) The e\ti actable poition included substantial 
quantities of othei ammo icid conjugates in addition to hippunc acid 
Ingestion of 25 gm of di-akmnc ga\e lesults analogous to those for 
glycine in legaid to sluggish distiibution between plasma and erythrocytes 
and scarcely appieciable entiance into the cerebiospmal fluid (Table 

IVBIl- I 

Ammo Acid Changes of Plasma and nrgihroegUs ajtcr Ingestion of Glycine 


25 gm of glycine \\crc ingested at zero time in Experiments W14 and ZIO, 32 gm 
in Experiment U40, the dat i are expressed in mg per cent 


Experiment ^ 
No 1 

! 


1 Plasma 

Erythrocyte 
gli cine N 

Gi>cme i\ 

Tree 

alanmc N 

a ^mino Js 

Tree 

Bound 1 

Free 

Bound 

W14 

Pretest 

0 30 ’ 

0 07 

1 


1 

1 4 

Hi 


C5 min 

2 9 

0 2 


1 7 39 i 

2 8 



ISO min 

1 51 

0 2S 



1 6 

■19 

ZIO ! 

Pretest 

0 37 

0 06 

. 0 60 

1 4 66 

1 1 

i 

1 

60 min 

1 2 

0 5 

1 01 

8 SG 

i 2 9 


i 

ISO min 

i 2 3 

1 02 

0 S7 

7 29 

1 2 


U40 1 

Pretest 

1 0 32 

0 07 


1 92 


0 46 


50 mm 

7 7 

0 1 

1 28 


i 1 6 

: 1 15 

i 

155 min 

4 0 

0 7 

1 12 I 

9 26 

1 1 

1 72 


Tvbic II 


Effect of Ingestion of 6 Gm of Sodium Benzoate upon Plasma A?mno Acids 


Experiment 

1 

Plasma concentration 

Pretest 

90 min 1 

ISO mm 

Free a ammo N 

Bound diffusible ct-ammo N 

Free glycme N 

Bound diffusible gbeme N 

ms Per cent j 

4 5S 

0 41 

0 39 

0 10 

mg per cent ' 

4 18 1 

0 54 

0 28 

0 49 

mg Per cent 

4 51 

0 

0 30 

0 49 


IV) The ingestion of eithei glycme oi alanine pioduced distinct increases 
of the plasma concentrations of the othei ammo acid (Tables I and IV) 
Such effects make inexact the assumption that elevations of the ammo acid 
mtiogen measuie the inci eases in concentiation of a single ammo acid ad- 
mmisteied alone 

When alamne and glycme were admimstered as 100 gm of gelatm 
(equivalent to 25 5 gm of glycme and 8 7 gm of alamne (4)), glycme 
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represented 19 to 25 per cent of the inciease of a-amino acid nitrogen, -while 
alanine made up 17 to 19 pei cent of the increase (Table V), mdicating a 


Tablb III 

Coninbultoii of Glycine to Free and Conjugated Ammo Acids of Human Urine 


Urine U33 was a pool of 24 hour samples from three noimal persons The other 
urines were collected from 10 p m to S a m , no food being taken after 6pm Unne 
D27 represents two such 10 hour periods, Unne C27 thiee such periods 



Free 

Total extractable 

Bound non-extractable 

Unne 

No 

a 

Amino 

N 

Gb erne 
N 

<x Ammo N 
GI> cine N 

X 100 

cc. 

Ammo 

N 

Gbcme 

N 

a Ammo N 
Glycine N 

X 100 

a 

Ammo 

N 

Glycine 

N 

a. Ammo N 
Glycine N 

X 100 


ms per 
hr 

ms per 
hr 


ms per 
hr 

VIS per 
hr 


ms per 
hr 

mg per 

hr 


C27 

5 58 

0 85 

15 2 

3 45 

3 2 

93 

4 5 

2 3 

50 

D27 

4 M 

0 28 

6 2 

4 39 

1 44 

33 

3 4 



F20 

5 73 

0 56 

9 8 

1 ^ 

1 0 36 

15 


1 6 


J57 

7 05 

0 44* 

6 2* 







U33 

4 29 

0 74 

17 

1 2 25 

0 95 

42 

4 26 

1 46 

34 

\30t 

25 9 

1 74 

6 4 

3 67 

: 2 2 

60 

9 4 

2 1 

22 


* Thes^ values are for alamne N instead of glycine N 

t Hepatic cirrhosis with ascites, bromosulfalem retention (5 mg per kilo dose) 
48 per cent after 1 hour 


Table IV 


Effect of Ingestion of dl Alamne 


Experiment No 


Alanme N 

Plasma 
gl> cine N 

Free 

a >\ramo N 

Erythrocyte 
alanine N 



vig per cent 

mg per cent 

mg percent 

vtg per cent 

T49* 

Pretest 

0 74 

0 30 

4 73 

0 55 


50 mm 

5 03 

0 45 

9 32 

1 44 


120 mm 

5 64 

0 37 

li 0 

2 41 

J57t 

Pretest 

1 0 

0 31 

4 36 

0 85 


90 nun 

6 4 1 

0 44 


1 8 


180 mm 

5 0 1 

0 39 


2 0 


255 mm 

5 3 1 

0 35 

7 79 

2 2 


* 25 gm of dZ-alanme taken at zero time 

1 15 gm of dl alanine taken at zero time, 5 gm at 90 minutes, 5 gm at ISO minutes 
At 270 minutes the spinal fluid alamne nitrogen w as 0 34 mg per cent, compared w ith 
si\ normal values ranging from 0 12 to 0 33 and averaging 0 21 rag per cent 


more rapid disposal of glycine than of alamne under these conditions 
Evidence was sought unsuccessfully for mci eases of glycine and alamne 
peptides 
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BXPERI^IENTAL 

The various prepaiations were ingested in aqueous suspension by normal 
subjects who had not eaten for 14 hours Depioteinization of plasma and 
cells from hepaiimzed venous blood was accomplished b^’' tungstic acid 
(5, 6) 14 to 20 ml of cerebiospmal fluid weie collected by puncture at the 

fourth lumbar interspace, and a piotein-fiee filtiate was piepared by 
dialysis for 7 hours at 5° Free a-ammo mtiogeii uas determined by the 
manometiic ninhydim pioccduie at pll 2 5 (7, S) and total a-amino mtro- 
gen likewise, after acid hydiolysis (G) Gb^cine and alamne veie de- 
termined by the methods of Alexander, Land^vehr, and Sehgman (1) and 
Alexandei and Sehgman (2) Glutatlnone responded to the glycine de- 
ternunation to the extent of 0 0004 mg of glycine nitrogen pei mg of 
glutathione Hence free glycine detennmations upon tungstic acid filtrates 


Table V 

Effect of Gelatin Ingestion 


117 gm of Kno\ gelatin (100 gm of protein) ingested Tlie \alucs are in mg 
per cent 


Expen 

ment 

No 


Gl> cinc 

Alanine 

a Ammo N 

A GI> erne N 

A alanine N 



Free 

1 

1 Bound 

Free 

1 Bound 

A a ammo N 

A a amino N 

1 

Pretest 

0 32 

0 1 


m 

4 68 


■■ 



90 min 

1 64 

0 1 

1 49 

IB 

9 97 



mBm 


210 mm 

1 50 

0 1 

1 37 

in 

9 74 

15 



2 

Pretest 

0 31 

0 1 

0 51 

0 0 

3 93 





120 mm 

1 59 

0 04 

1 7 

0 1 

10 1 


0 21 

■IH 


240 mm 

0 96 

0 2 

1 12 

0 1 

' 7 36 


0 19 



of red cells were probably subject to positive eiiors of about 0 03 mg per 
cent of glycine nitrogen Sodium hippuiate (Eastman) yielded about 2 
per cent of its glycine mtiogen under the conditions of the deteimination 
Bound a-ammo mtrogen and hound glycine were detei mined after acid 
hydrolysis of the tungstic acid filtiates, and hound diffusible a-amino and 
glycine mtiogen after hydrolysis of dialysates (9) of tungstic acid filtrates 
All unne analyses were conducted upon dialysates 

DISCUSSION 

The question as to whether the interval employed was sufficient to pro- 
duce a response of the alamne and glycine of the ceiebiospmal flmd to the 
elevation of the plasma levels can be answered only by comparison vnth the 
behavior of other solutes under similar circumstances Merntt and Fre- 
mont-Smith (10) and Munch-Petersen (11) have sho^vn that, when a 
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transient hyperglycemia is produced by feeding or mjectmg glucose, the 
glucose of the lumbar spmal fluid rises withm an hour or 2 The responses 
of alanine and glycine were relatively sluggish 

The manometnc mnhydrm procedure showed 1 04 to 1 43 mg per cent 
of a-ammo nitrogen (average 1 23 mg per cent, six analyses) m cerebro- 
spinal fluid Weichmann and Domimcke (12) reported a normal range of 
1 2 to 2 0 mg per cent by the Folm colorimetnc method In two cases 
of hver disease with elevated plasma ammo acid mtrogen, these mvesti- 
gators observed eerebrospmal fluid levels of 3 2 to 6 5 mg per cent Harns 
(13) has found the glutamme concentrations of eerebrospmal flmd to be 
similar to those of plasma, which would mean that half or more of the spmal 
flmd a-ammo mtrogen is due to glutamme 

The laige participation of the glycme m the ammo acid conjugates of 
urme, other than hippuric acid, suggests that these conjugates are not 
simply a random collection of peptides wasted m the course of protem 
metabobsm but may have a different significance Dent has reported m a 
preliminary commumcation (14) that glycme and alanme make up a major 
part of the ammo acids of normal human urme He observed a peptide 
which was probably seiylglycylglycme m the urme of patients with hepatic 
necrosis or the Fancom syndrome 

SUMMAHl 

1 The concentrations of glycme and alamne of erythrocytes approached 
very gradually over several hours the levels of plasma when the latter was 
elevated by the ingestion of pure ammo acids by human subjects 

2 Cerebrospinal flmd levels of these two ammo acids were about one- 
tenth (glycme) and one-third (alanme) the plasma levels When the 
plasma levels were elevated for several hours by ingestion of ammo acids, 
the eerebrospmal fluid levels rose only very slightly 

3 Glycme ingestion appeared to increase the conjugated ammo acid 
mtrogen of tungstic acid filtrates of plasma 

4 The ingestion of sodium benzoate increased the bound diffusible 
glycme of plasma five or ten times The free glycme and free a-ammo 
mtrogen were decreased 

5 The ingestion of either glycme or dl-alamne resulted m an elevation 
of the plasma level of the other ammo acid 

6 When glycme and alanme were ingested as gelatm, alamne made up a 
disproportionately laige. part of the increase in plasma ammo acids 

7 Glycme made up a small part of the free ammo acid mtrogen of nor- 
mal urme, but a larger part of the conjugated ammo acid mtrogen, even 
after hippuric acid was removed 
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A knoA\ ledge of the coucentration of ascorbic acid m the white blood cells 
and blood platelets has been shown to be of value as an addition to blood 
plasma analysis in evaluatmg nutritional status, paiticularly at low levels 
of ascoibic acid mtake (1-5) Furthennore, since it is probably moie con- 
venient to obtain specimens of w’^hite blood cells than of any othei h\ang cells 
of the body, it seems hkely that analysis of these cells wnll become of in- 
cieasmg value m studying the physiology of ascoibic acid and othei 
nutritive essentials m body fluids and tissues Stephens and Hawdey (6) 
determmed the ascoibic acid content of \vhite blood cells by an analysis 
of the buffy layer lemoved from 50 ml blood specimens This la^^'-er 
con tarns both white cells and blood platelets It Avas later showm by jQutler 
and Cushman (1) that the concentration of ascorbic acid is neaily the same 
m both of these fractions (Throughout this communication the white 
cells plus blood platelets will be refeiied to collectively as “w^hite cells ^0 
Butler and Cushman (1) simplified the collection of the white cells by 
centrifuging oxalated blood m special tubes with a central narrowed portion 
which converted the buffy coat into a wnll defined accessible column of 
cells The required amount of blood, 15 ml , was subsequently reduced 
by Lubschez (7) to 4 or 5 ml ^ 

By a procedure which will be described below, it has proved feasible to 
isolate the white cells from as little as 0 1 ml of blood and to analyze 
them for ascorbic acid Blood from the jSiger tip is diluted ivith isotonic 
potassium oxalate and centrifuged slowly to precipitate the red cells The 
white cells, which settle more dowly, remam in the supernatant and are cen- 
trifuged in a second tube and analyzed for both ascorbic acid and acid- 
insoluble phosphate The measurement of this nearly constant phosphate 
fraction permits calculation of the amount of w^hite cells present without 
the necessity of weighmg the rather mmute sample Tire procedure is 
more rapid than with larger quantities of blood and \enipuncture is not 
requued Two persons can collect and analyze 50 to 75 samples in 2 days 

m 
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EXPERIMENTAL 

Method 

Reagents and Equipment — 

1 Beckman spectrophotometer fitted vnth a special diaphragm and 
cuvettes to permit the use of 0 05 ml fluid volumes (8) (Diaphragm 
and cuvettes obtamed from the Pyrocell ^Manufacturing Company, 207 
East 8‘lth Street, New York 28) 

2 6 X 50 nun serological tubes, eg Kimble, No 45060 Square 
racks made of f mch vare mesh are convenient for handhng up to 100 tubes 

3 Pipette for transferrmg blood (9), 5 to 6 mm m diameter vnth a short 
tip narrowed to 1 mm m outside diameter and VTth the operung at least 
0 5 mm m diameter A coarse constriction placed at 0 1 to 0 12 ml 
volume aids m preventmg the accidental sucLmg of blood too far mto the 
pipette This pipette, although uncalibrated, is similar m construction to 
the quantitative constriction pipettes hsted below 

The mside is paraflfined by heatmg the pipette, suckmg up molten 
paraflBn, blovnng it out, and, while still blo\\mg, coolmg vnth water This 
lea\es a thm film of paraffin effective m delaying blood clottmg without 
imduly constnctmg the tip 

4 Footed stimng rod made of glass or stainless steel wire The shaft 
is 1 to 1 5 mm m diameter and 75 mm long, the foot is 2 5 to 3 TT>m m 
diamfeter and is flattened 

5 Pasteur pipette of 1 to 1 5 ml capacity vnth bent tip for transferrmg 
white cell suspension 

6 Constriction pipettes, 10, 30, 40, 50, and 200 c mm (g) 

7 Device for removmg the supernatant from white blood cells A 
small glass tube with a bent nariow tip not over 0 5 mm m outer diameter 
IS connected with rubber tubes, through a 20 to 50 ml bottle, to the mouth 

8 16 per cent potassium o\alate This is preserved at 4*^ to prevent the 
growth of microorganisms and must be centrifuged just before use to remove 
possible traces of suspended material 

9 5 per cent trichloroacetic acid 

10 2 per cent dmitrophenylhydrazme, 0 25 per cent thiourea, 0 03 
per cent CuS 04 5HoO m 9 n H 2 SO 4 This reagent is stable for at least a 
week at 4®, but should be centrifuged before use unless crystal-clear It is 
prepared from the stable solution of 2 2 per cent dmitrophenylhydrazme m 
10 N H 2 SO 4 by the addition of 5 volumes per cent of 5 per cent thiourea and 
5 volumes per-cent of 0 6 per cent CUSO 4 5 H 2 O 

11 65 per cent H 2 SO 4 (70 ml of concentrated H 2 SO 4 plus 30 ml of 

H 2 O) 

12 6 5 N sulfunc acid 
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13 10 per cent perchlonc acid 

14 Phosphate reagent In 45 ml of ^vater is dissolved 0 3 gm of a 
powder consistmg of 5 per cent Na 2 S 03 , 94 3 pei cent NaHSOs, and 0 7 per 
cent 1,4-ammonaphtholsiilfonic acid To this are added 5 ml of 2 5 per 
cent ammonium molybdate m water 

Isolation of White Cells — In a 6 X 50 mm tube are placed ^5 ml of 
1 6 per cent potassium oxalate and a footed stirrmg rod A finger is lanced 
to give a free blood flow, e g with a Bard-Parker No 11 blade held by pro- 
jection from a cork After any residual alcohol is wiped off, the area is 
hghtly coated with vasehne and the fitrst blood blotted off As rapidly 
as possible the paraflBned pipette is filled and the blood dehvered mto the 
tube, the contents of w'hich are at once gently but thoroughly mixed with 
the rod (The pipette is rinsed with fresh oxalate but is not dned before 
reuse ) The tube is centrifuged withm an hour at a predetermmed slow 
speed which settles the ^ cells without loss of too many white cells _ A 
safe time of centrifugmg is twice the mterval required just to throw the 
bulk of the reduiells to the bottom The centrifuge must come smoothlj’' 
to a stop to avoid remixmg of the sample The turbid supernatant w'hich 
contams the white cells is transferred with a Pasteur pipette to another 
tube of the same size The suspension close to the red ceU layer should 
be avoided, smce this usually contams some red cells The second tube 
15 centrifuged (withm 2 hours) at 3000 r p m for 15 mmutes The clear 
supernatant is sucked off with the device for removmg the supernatant 
from white blood cells, described above, and discarded Great care is 
taken to remove a maximum amount of flmd -without loss of the sediment 
At first, a magnifymg glass may prove helpful If 90 per cent of the flmd 
IS removed and the tube allowed to stand 5 or 10 mmutes for dramage, 
the last 10 per cent can be removed more completely 

Ascorhc Acid Analysts — The white cells are distributed as thmly as 
possible by tappmg the tube, and 40 c mm of 5 per cent trichloroacetic 
acid are added For adequate extraction of ascorbic acid and acid-soiuble 
phosphorus, it is imperative that the precipitate be well dispersed A 
mechanical vibrator de-vice (10) has been found very useful for \igorous 
mixmg or agitation of the contents of these small tubes After centrifugmg, 
a 30 c mm ahquot of the supernatant is transferred to another 6 X 50 mm 
tube and 10 c mm of the dmitrophenylhydrazme reagent are added 
(The residue is saved for measurmg the acid-msoluble phosphorus (see 
below) ) After mixmg and cappmg with parafilm or a -vial stopper, the 
tube IS incubated for 4 hours at 38° (bactenological mcubator or air bath) 

After chilhng m ice water, 50 c mm of ice-cold 65 per cent H;S 04 are 
added Because of the viscosity the pipette should be emptied slowlj 
Vigorous and thorough mixing is required after this addition Also, it is 
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advisable to tap the tubes mth the fingei to mi\ again just before leading 
The light absoiption is measured at 520 m/x m the spectrophotometei any 
time withm the first 3 oi 4 hours Blanks and standards aie provided by 
tieatmg 30 cmm aliquots of 5 pei cent tiichloioacetic acid and of fresh 
0 4 mg pel cent ascorbic acid (0 004 7 pei c mm ) in 5 per cent trichloro- 
acetic acid in the same manner as the white cell e\tiacts 

The ascorbic acid analysis may be defened mdefinitely if desned by 
stonng the 30 c mm aliquots m well stoppeied tubes at —20° 01 colder 

Acid-Insoluhle Phosphorus Aiialys^is — After the aliquot is removed for 
ascoibic acid analysis, the residue is \\aslied (^\^thm 1 hour at room tem- 
perature 01 4 houis at 4°) by im\ing mth 0 2 to 0 3 ml of 5 per 
cent trichloroacetic acid, centiifugmg, and suckmg off the supernatant 
30 c mm of 4 5 N H2SO4 are then added and the sample (wth otheis m 
a rack) is heated for 1 or 2 horns m an oven at 95-98° to drive oft excess 
moistuie vathout spatter mg, after which ashmg is accomphshed by adding 
10 c mm of 70 per cent perchloric acid and heating m an oven for 2 hours 
at 145-160° 

Color IS developed by addmg 0 2 ml of the phosphate reagent The 
samples are vigorously mixed and are mixed agam by tappmg wth the 
finger just before readmg 

Blanks are supphed by measuimg mto 6 X 50 mm tubes 30 c mm of 
4 5 N H2SO4 Standards aie provided by substitutmg an equal volume of 
0 5 mm of IiH2P04 m 4 5 n H2SO4 (0 015 micromole of P) These blanks 
and standards are earned through the same evaporation and ashing pro- 
cedures as the white cell samples The optical absorption is measured at 
690 m/x m not less than 20 mmutes after mixing Subsequent coloi develop- 
ment IS slow and ocems at a uniform rate Some of the standards are read 
both before and after the unknovms to pernut correction foi any mcrease 
m optical density with time 

Cahulahon — The white cells have been found to contam an average of 
3 34 mu of acid-msoluble phosphoms pei 100 gm (see the ‘‘Discussion^’) 
Thus, the mg of ascorbic acid per 3 34 imi of acid-msoluble phosphorus 
(or miciogiams per 3 34 nncromole) aie numerically equal to the concen- 
tration per 100 gm of white cells Therefore 

( 1 ) Micrograms ascorbic acid m sample ^ 

micromoles P m sample 

3 34 = mg ascorbic acid per 100 gm white cells 

(2) I^Iicrograms ascorbic acid in sample = 0 004 X 


— X 41 5 = Xi X i)AA 

X/standard AA 
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\\heie Dav ADcl Daandara vv. aie tlie optical densities of the unknomi and 
standaid lespectnely, corrected foi the blank 41 5 is the sum of the 40 
cmm acid added plus appi oximately 15c mm of fluid left behind with 
the oiiginal white cell sediment, and 0 004 equals the miciogiams of ascorbic 
acid pel c mm of standaid 

(3) Micromoles P m sample = micromoles P m standard X 

0 004 X == K, X Dp 

^standard P 

In a senes of analyses the standards and their respective optical densities 
are fixed, and hence Equations 1, 2, and 3 may be combmed 

X 3 34 = jKa = mg ascorbic acid per 100 gm white cells 
K>Dp Dp 

(The \ olumes of all the pipettes, except the 40 and 30 c mm , cancel out, 
smce they aie used for both standards and unknoAvns ) 

DISCUSSION 

In the development of the above method there were two major problems 
(1) the isolation of white cells fiom finger blood and (2) the measurement 
of the size of the white cell sample Vaiious diluting agents and anti- 
coagulants veie mvestigated tepaim, '‘titrate, heparm plus oxalate, and 
oxalate diluted with saline or Rmgei^s solution None proved as satis- 
factoiy as isotonic oxalate for the pievention of clottmg The shghtest 
degree of clottmg mil piecipitate the white cells mth the red blood cells 
Smce finger blood, even mth the greatest care m collection, coagulates 
moie rapidly than venous blood, this consideiation is of fiist importance 
The method of isolation of the white cells is similar to that described 
by Gorham et al (11), who allowed undiluted oxalated blood to stand foi 
several hours until the red cells weie paitially settled and then centrifuged 
the supernatant It vas found expedient m adaptmg this pnnciple to 
much smaller quantities of blood to dilute the sample mth isotonic po- 
tassium oxalate This would be expected to mcrease, the yield of white 
cells and to permit moie complete removal of serum without washmg the 
cells It also pioved to be moie satisfactory to remove the red cells by 
slow centnfugation lathei than to wait for gra^uty to accomphsh the same 
purpose It IS conceivable that the dilution might viash out ascorbic 
acid from the white cells Actually, this does seem to occur if hypotomc 
oxalate is used With isotonic oxalate, hoiiexer, there appears to be no 
loss, as judged by the agreement recorded below, mth analyses of iihite 
cells isolated on a larger scale fiom undiluted blood Furthermore, the 
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same ascorbic acid values v^ere found, whether the white cells were centri- 
fuged immediately or were allow^ed to stand 2 or 3 hours suspended m 
oxalate solution 

It seemed impracticable to attempt to weigh the mmute w^hite roll 
samples isolated It also pioved on trial to be unsatisfactory to estimate 
the white cell volume fiom the length of the column of packed cells m a 
calibrated capillary tube An attempt was, therefore, made to find a cell 
constituent that is lelatively constant m concentration and which w^ould 
not be unduly affected by the moderate contammation with red cells or 
fibrm which sometimes occurs Such a substance should furnish a valid 
measure of the sample size The total phosphoiiis or a phosphorus fraction 
appeared to be worthy of trial 

The total phosphorus proved to be rather constant m concentration m 
the white cell and as a consequence has been used as the basis for many 
hundreds of determinations Howevei, to measure the total phosphorus 
it was necessary to suspend the white cells evenly after isolation m order 
to take aliquots for both phosphate and ascorbic acid, and this w as some- 
times qmte difficult Both acid-soluble and acid-msoluble phosphorus 
were next mvestigated and the latter proved to be the more satisfactory 
The acid-msoluble phosphorus contamed m the acid-msoluble residue from 
the entire sample was available for analysis, whereas only part of the acid- 
soluble fraction could be utilized, since the rest of the acid extract would be 
required for the ascorbic acid determmation Furthermoie, contammation 
of the sample with red cells would cause a greater distortion of the acid- 
soluble than of the acid-msoluble fi action This reasonmg is borne out 
by actual analyses, which proved to be more consistent w^hen based on the 
acid-msoluble fraction 

Ten macro white cell samples from different mdividuals were isolated by 
centrifugmg m tubes with a central narrow segment (1) and were analyzed 
for acid-msoluble phosphorus An average of 3 34 mM per 100 gm with a 
standard deviation of 0 25 mM per 100 gm was found (The mdividual 
values were 3 53, 3 16, 3 46, 2 94, 3 16, 3 36, 3 60, 3 44, 3 02, and 3 78 mM 
per 100 gm ) 

Although the correlation between this phosphorus fraction and the wet 
weight is thus not perfect, it is conceivable that acid-msoluble phosphorus 
may be a more physiological basis of calculation than weight 

The ascorbic acid micromethod used is a modification of that previously 
developed for serum (12) In order to simplify the over-all procedure the 
conversion of ascorbic acid to dehydroascorbic acid was effected by copper 
mstead of charcoal The charcoal reagent is apt to cause difficulty due to 
floating, and its use would have necessitated several extra steps When 
the charcoal is replaced, the results tend to be somewhat more uniform 
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although the values observed are 2 or 3 mg per cent higher Apparently, 
charcoal removes some material (not ascoibic acid) which reacts iiVith the 
reagent 

Comparative Anahjses— Table I gives the data for ten white cell samples 
isolated fiom diffeient bloods and analyzed on both a macro and micro 
scale for ascorbic acid The macro samples were obtained from venous 
blood by the procedure described by Butler and Cushman (1) The micro 
samples were obtamed from the finger, as descnbed above The ascorbic 
acid was determmed m both cases by the dinitrophenylhydrazine procedure, 
the macrodetermmations were based on the weight of sample, and the 
microdeterminations were based on the acid-msoluble phosphorus 

The standard deviation between the two methods is 3 6 mg per cent, as 

Table I 

Comparison of White Blood Cell Ascorbic Acid Values Measured by Macro- and 

Microprocedures 

The values are recorded as mg per cent 












Scmm 

10 

Average 

Macro 

27 

30 

23 

25 

27 

24 

32 

26 

19 

25 

25 8 

Micro 

26 

27 

21 

31 

27 

31 

29 

25 

17 

26 

26 0 

Difference* 


-3 

-2 

+6 

0 1 

-h7 

-3 

-1 


+1 

+0 2 


* Standard deviation between the two methods, 3 6 mg per cent 


judged by these data Part of this difference is undoubtedly due to maccu- 
racies m the micromethod, which is based on two separate determinations, 
one for ascorbic acid and one for acid-msoluble phosphorus The standard 
deviation of the mdividual microanalysis was found to be 2 mg per cent in 
a series of thirty-five determinations on nme different mdividuals Another 
source of discrepancy between the macro- and micromethods may be as- 
ciibed to differences m the acid-insoluble phosphorus content of the different 
white cell samples Fmally, it is difficult to isolate white cells on a macro 
sdale and obtam entirely uniform samples There is a possibihty of 
different degiees of packing with variations m the accompanymg fluid, 
and minute clots, if formed, will collect m the white cell layer and are often 
difficult to detect 

Reproduabihty of Values for Same Individual — ^The white blood cells 
of two mdividuals were analyzed at mtervals durmg the day (Table II) 
No significant changes were observed over a 6 hour penod Table II also 
























RELATION OP SCURW TO GLUCOSE TOLERANCE TEST, 
LIVER GLYCOGEN, AND INSULIN CONTENT OF P/VNCREAS 

OF GUINE V PIGS 

B\ S VCIICIIID \K VNDA BVNERJLE vnd iNARESH CIUNDRA GHOSH 

(From tht. Dcparlmcnl of Mitra Research in Dtabcles, Caleuila School of Tropical 
Medicine, and the Ippltcd Chemisliij Department, Unnersity College of 
Science and Technology, Calcutta, India) 

(Recened for publication, December 6, 1946) 

It "ft as lepoited pieviously that deficiency of vitamin C in guinea pigs 
leads to dimmished glucose toleiance (1), dimmished deposition of hvei 
glycogen (2), and diminished msulm content of the pancreas (3) In 
those expeiiments, hov.evei, the guinea pigs of the control group received 
ad libilim a natuial diet consisting of gieen grass and germmated gram 
(Cicer aneiimm) and not the scoibutic diet (4) ivith the supplement of 
ascoibic acid The expeiimental results obtained vnth scorbutic gumea 
pigs might, theiefoie, be due to the diffeient diets consumed by the animals 
and not due to the specific Mtaram C deficiency Fuithei, the results 
might also be due to the effect of manition as the paiied feedmg technique 
was not employed In the present mvestigation the glucose tolerance test 
nas studied, the glycogen value of the liver uas deteimmed, and the 
msulm content of the panel eas was estimated m both normal and scorbutic 
gumea pigs The animals received the scoibutic diet mth oi ivithout the 
supplement of ascorbic acid and the paired feedmg technique was employed 

EXPERBIENTAL 

Relahon of Scurvy io Glucose Tolerance Test in Guinea Healthy 

male gumea pigs with an average weight of 280 gm vveie fed ad libitum for 
1 week a scorbutic diet (4) with a daily oial supplement of 5 mg of ascorbic 
acid The animals, which vveie gi owing, vv^eie divided mto two groups and 
paued m such a way that the weights of the anunals m each pan- were 
about the same One of the groups was fed ad libitum the scorbutic diet 
without any supplement of ascoibic acid foi 21 days The daily food 
consumption of each annual of this group was noted and the equivalent 
amount of the scoibutic diet was given to the correspondmg animal of the 
second group, which received m addition a daily oial supplement of 5 mg 
of ascoibic acid All the anunals were fed 2 drops of a concentrate of 
vntamms A and D twice a week durmg the exiiernnental penod In the 
evenmg of the 21st day the food w'as removed from the cages of all the 
anunals and the glucose tolerance test was performed the next mommg as 
desenbed previously (5) The results are shown m Table I 
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Relation of Scurvy to Glycogen Content of Liver of Guinea Pigs — ^^'lale 
guinea pigs, mth an aveiage weight of 250 gm , were selected, separated 
mto two gioups, and paired as described in the previous section They 
weie fed the same scorbutic diet nath or ivithout the supplement of ascorbic 
acid foi 21 days m the same way as mentioned above In the evenmg of 

Table I 


Glucose Tolerance Tesla tn Normal and Scorbutic Guinea Pigs 


Pair 

No 


Weight at 
death 

Fasting 
blood sugar 

Blood sugar after feeding glucose 

4S min 

90 mm 

150 mm 



gm 

tng per cent 

mg per cent 

mg per cent 

mg percent 

1 

Normal 

400 

113 

222 


177 


Scorbutic 

286 

124 

247 


313 

2 

Normal 

333 

106 

177 

177 

106 


Scorbutic 

250 

112 

298 

325 

313 

3 

Normal 

436 

128 

187 

165 

156 


Scorbutic 

335 

131 

325 

247 


4 

Normal 

338 

138 

218 

192 

174 


Scorbutic 

263 

114 

2&1 

272 

174 

5 

Normal 

320 

136 


195 

134 


Scorbutic 

265 

174 

319 

292 

325 

6 

Normal 

290 

97 

274 

247 

159 


Scorbutic 

224 

85 


247 

235 

7 

Normal 

325 

115 

177 

146 



Scorbutic 

265 

130 


241 

254 

8 

Normal 

292 

113 


217 

195 

1 

Scorbutic 

255 

93 

iH 

q52 


Average 






Normal 


118 ±33 

221 ± 16 4 


154 ± 9 9 

Scorbutic 


120 ± 10 2 

284 ± 13 6 

272 ± 10 8 

266 ± 19 4 

Difference of means 


2 


79 

112 

Standard error of difference 

10 78 


15 13 

21 82 

t 



0 2* 


5 2 

5 1 


* Except for this value, all values of t are highly significant 


the 21st day the food was ivithdraMTi from the cages The next morning 
the animals were sacrificed by a blow on the head, the neck vems cut, and 
the livers removed, wrapped m a gauze cloth to remove adheient blood, 
weighed, and each hver qmckly dropped m a 50 cc centnfuge tube contam- 
ing hot 30 pel cent potassium hydroxide The glycogen m the livei was 
precipitated by the method of Grattan and Jensen (6) and the reducing 
sugar m the hydrolyzed precipitate was determined by the method of 
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Hagedom and Jensen (7) The glycogen values of the hver are given m 
iable II 

Malion of 8cm vy lo Insuhn Content of Panaeas of Guinea Pigs— Tx^o 
groups of healthy male gumea pigs, with an average weight of 250 gm , 


Table II 


Delermtnalion of Liver Glycogen in Normal and Scorbutic Guinea Pigs 


Pair 

No 

Weight at death 

Weight of hver 

Glycogen per 100 gm hver 

Nonnal 

Scorbutic 

Normal 

Scorbutic 

Normal 

j Scorbutic 

1 

gm 

gm 

gm 

gm 


gm 


gm 

304 ^ 

292 i 

6 

74 

9 58 

1 

408 

0 

029 

2 

228 

186 

5 

64 

7 80 

0 

833 

0 

056 

^ i 

233 

204 

7 

97 

5 28 

1 

753 

0 

036 

4 

246 

217 

6 

32 

7 75 

0 

794 i 

0 

183 

5 

335 

240 

! 5 

34 

7 88 i 

1 

600 

0 

060 

6 

296 

' 258 

6 

38 

10 62 

1 

809 

0 

Oil 

7 

238 ' 

215 

5 

96 

4 48 

3 

900 

0 

056 

8 

^ 258 

242 

6 

68 

6 50 

! 2 

453 

0 

108 

9 

' 260 

220 

5 

15 

9 18 

2 

444 

0 

047 

10 

308 

286 

7 

14 

7 52 

3 

178 

0 

008 

11 

288 

234 

7 

61 

5 97 

2 

372 

0 

052 

12 

240 

209 

6 

47 

7 55 

0 

695 

0 

109 

Average 

6 45 

7 51 

1 936 ± 0 282 

0 063 ± 0 014 


Difference of means 1 873 

Standard error of difference 0 282 


6 6 (Highly significant) 


Table III 


Determtnalion of Insulin Content of Pancreas of Guinea Pigs 


■ -- ^ 

Weight of pancreas, 
pooled 

lasulm content per gm 
pancreas 

j 

gm 

I U 

Normal (10 ammals) 

11 91 

0 45 

Scorbutic (10 ammals) 

10 38 

0 11 


selected, paired, and fed as descnbed above foi a period of 21 days 
The food was removed from the cages of the animals m the evening of the 
21st day and the animals were sacrificed the ne\t mommg as descnbed 
in the previous section The pancieas from the animals of each gioup vas 
removed to a cooled, weighed bottle contammg acid alcohol of the followmg 
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composition alcohol 75 paits, distilled watei 25 parts, and concentrated 
hydrochloiic acid 1 5 parts The second weighing of the bottle gave the 
weight of the panel eat ic tissue The insulin in the pooled pancreas of 
each gioup of animals was e\tiacted by the method of Best, Haist, and 
Ridout (8) The potency of insulm in these e\tiacts was quantitatively 
estimated by the rabbit assay method of iMaiks (9) The lesults aie given 
m Table III 


DISCUSSION 

Unlike those reported by Sigal and I^g (10) and Muiiay and jMorgan 
(11), the fastmg blood sugai values of normal and scoibutic guinea pigs did 
not differ significantly Blood sugai values of scoibutic guinea pigs 45, 
90, and 150 mmutes aftei the feedmg of glucose weie significantly higher 
than the correspondmg values of the paiied fed control animals The 
glucose tolerance was, theiefoie, definitely loweied m all the scoibutic 
gmnea pigs The glycogen content of the livei was maikedly loveied in 
all the scorbutic gumea pigs and the lesults weie statistically significant 
(Table II) The msuhn content of the pancieas of scoibutic gumea pigs 
was maikedly deci eased when compaied wth that of the paired fed normal 
control animals (Table III) In oui pievious experiments (3) m which 
the normal animals leceived the diet ad libitum^ the insulin content was 0 6 
I u per gm of pancreas This value was a little higher compared to our 
present findmgs Inanition, theiefore, slightly lo^^ers the msuhn content 
of the pancieas This was also reported by Best et al (8) m expeiiments 
Avith rats The deciease m the msulm content of the pancreas m scuivy is, 
therefore, mamly due to the effect of ^atamin C deficiency In oui pie- 
vious experiments (3) the animals of the scoibutic gioup leceived the 
scorbutic diet for a peiiod of 24 to 28 days The msulm content of the 
pancieas of those animals was 0 08 imit pei gm of pancieas In the 
present mvestigation the animals of the scoibutic gioup leceived the scoi- 
butic diet f 01 21 days only and the insulm content v as 0 1 1 unit pei gm of 
pancreas, a httle highei than om pievious result These findmgs mdicate 
that the msulm content of pancieas gradually dimmishes mth the piogiess 
of scurvy Though the adrenalin content of the adienal glands of gumea 
pigs maikedly mcreased when the animals developed scuivy (4, 5), scoibutic 
gumea pigs with demedullated adienals shoved loweied glucose tolerance, 
as did the scorbutic gumea pigs mth mtact adienals (5) The loweied 
glucose toleiance and the loweied glycogen content of the hvei as observed 
m scorbutic gumea pigs, theiefoie, might be explamed by the dimmished 
msulm content of the pancieas Vitamm C seems to stimulate the islands 
of Langerhans for the normal secretion of msulm The deficiency of this 
vitaxmn was fomid to cause degianulations m the ^-cells of the pancreas 
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of guinea pigs (12) Like the guinea pig, the human cannot synthesize 
ntamm C and a chionic deficiency of vitamm C might cause degenerative 
changes m the islands of Langeihans, lesultmg m diabetes melhtus 

SUMAIARA 

1 The eftect of \atamm C deficiency on the glucose tolerance, on the 
glycogen content of the livei, and on the msulm content of the pancreas 
nas studied in gumea pigs by a paired feedmg technique 

2 Glucose toleiance nas significantly lowered m scorbutic guinea pigs 

3 The glycogen value of the hver Avas significantly diminished m 
scoibutic animals 

4 The msulm content of the pancieas of scoibutic gumea pigs was 
diramished to about one-fouith of the noimal value 

5 The msulm content of the pancreas was found to dimmish with the 
progress of scurvy, and monition was also found to lower slightly the 
msulm content of the pancieas 

6 It has been suggested that the disturbed caibohydrate metabolism 
as seen m scuivy is due to a deficiency of msulm secietion and a chronic 
deficiency of this vitamm may be one of the etiological factois of diabetes 
mellitus m human subjects 

We are indebted to Dr F M Fruter of Hoffmann-La Roche, Inc , for 
the supply of ascorbic acid and to Dr B Mukerji, Biological Standardisa- 
tion Laboratory, Government of India, foi International Standard Insuhn 
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MCT ABOLISH.! OF PRENOX\ ACETIC ACIDS 


and fed to rabbits The unchanged acids could not be found in the urine, 
but phenoxyacetic acid could be isolated from the urme by the formation 
of the S-benzylthiuronmm salt Since phenoxyacetic acid could oiigmate 
only from the oxidation of the acids fed, the experiments afford new evi- 
dence of the /3 oxidation of fatty acids 

CXPERIMBNTAL 

Compounds Used — Phenoxyacetic acid and the o- and p-monochloro- 
phenoxyacetic acids were obtamed through the courtesy of Mr W M 
AUes of the Dow Chemical Company, to whom we wish to expiess our 
appreciation of his cooperation The purity of these acids was established 
by the determination of their melting pomt and of their neutral equivalents 
7 -Phenoxybutyric acid was S 3 aithesized by the method of Bentley, Haworth, 
and Perkins (5), and ephenoxycaproic acid by the method of von Braun 
(6) The ephenoxycaproic acid, even after three lecrystallizations from 
petroleum ether, melte4 at 55-56° (uncorrected), a meltmg pomt definitely 
lower than that of 71°, as reported by von Braun 

Smce it was anticipated that if phenoxyacetic acid were conjugated with 
glycme, the conjugated acid, phenoxyacetylglycme,^ would be excreted, 
it was necessary to prepare this acid whose synthesis has not been carried 
out previously, so far as is known to us Phenoxyacetyl chloiide was 
prepared by the action of thionyl chloride on phenoxyacetic acid (7) 
The acid chloride was then coupled with, glycme by the usual Schotten- 
Baumann procedure No difficulties were encountered m the synthesis 
After repeated recrystalhzation from hot water and drying over phosphorus 
pentoxide, the acid melted at 115-116° (uncorrected), had a neutral equiva- 
lent of 204 6 and 208 2 (theoretical 209), and a mtrogen content of 6 63 
per cent (theoretical 6 69 per cent) 

In previous studies from this laboratoiy (8), we have found the S-benzyl- 
thiuromum salts of value m the identification of denvatives of fatty 
acids present m urme We have prepaied these salts of the acids with 
which we are concerned m the piesent investigation, applying the con- 
ditions for their prepaiation which are outhned by Donleavy (9) Smce, 
to our knowledge, the preparation and properties of these particular 
salts have not been desciibed, we are piesentmg the meltmg pomts and 
mtrogen contents of the denvatives of the pme acids, as well as of those 
isolated from the experimental urines m Table I For the isolation and 
characterization of phenoxyacetic acid and related compounds from 
urme, the acidified urme has been extracted by ether m a contmuous 
extractor, and the ether has been removed from the extract by evaporation 

I The name, '"phenoxyacetunc acid,'’ will be used for couvemence throughout 
this discussion in place of phenoxyacetylglycine This nomenclature is similar 
to that of pbenacetunc acid for phenylacetylglycine 
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The residual mateaal was neutralized by sodium hydroxide, the sodium 
salts were dissolved in hot alcohol, and the salts were precipitated as 
described (8, 9) The derivatives prepared from the ether extracts of 
urine were usually of satisfactory punty aftei one reciystalhzation (8) 

Table I 

Analyses and Melting Points of S-BenzylihiUTOmum Salts of Phenoxyacehc Aetdj 
0 - and p-Monochlorophenozyaceitc Acids Prepared from Pure Acids and Isolated 
from Experimental Urines 


In all the experiments mixed melting points of the salts isolated from the experi- 
mental urmes and of the salts of the pure acid were determined also No depres- 
sion of the melting points were observed All melting points are uncorrected 


Acid fed 

Isolated as acid fed 


Nitrogen 

{<») 

th) 

T X 10® 

0 j 

Found 

Calcu 

lated 



mg 

mg ! 




per cent 

per cent 

A 

Pure compounds 









Phenoxyacetic 



i 

170 


8 82 ; 

S 83 


o-Chlorophenoxyacetic 


i 


159 

-159 5 , 

7 99 1 

8 09 


p-Chloropheno\yacetic 




1 183 5-184 1 

7 99 

8 09 


7 -Phenox 5 butyric 




139 

•"140 1 



B 

Isolated from urine 





i 




Phenoxyacetic 

560 

286 i 

51 

170 





(t 

700 

340 i 

48 

170 





it 

600 

257 i 

43 

170 

-171 

S 73 

8 83 


o-Cblorophenoxyacetic 

400 

216 

54 

1 158 


S 06 

8 09 


(( 

300 

133 

44 

> 158 

-159 




p-Chlorophenoxyacetic 

486 

193 

41 

1 183 

-184 




t{ 

300 

106 

35 

! 183 

-184 

7 94 

8 09 


7-Phenoxy butyri c 

400 

44* 

13t 

170 


■ 8 72 

■ 8 83 


<t 

350 

40 

14t 

169 





it 

500 

160 

38t 

' 170 


' 8 73 

8 83 


€-Phenoxycaproic 

420 

145* 

23t 

169 


8 62 

8 83 


it 

420 

125 

20t 

170 


8 96 

S 83 


♦Carbon and hydrogen determinations made on these salts showed 60 39 and 
60 55 per cent of carbon and 5 77 and 5 93 per cent of hydrogen on the respective 
samples indicated Theoretical for the salt of phenoxy acetic acid, 60 31 and 5 66 
per cent of carbon and hydrogen respectively 

t The salt obtained was the salt of phenoxyacetic acid, as shown by the melting 
points and analyses The percentage is calculated as the percentage of the phen- 
oxyacetic acid which could be derived by oxidation of the amount of acid fed 

Methods of Analysis — Smee phenoxyacetunc acid was a possible urinary 
component after the administration of phenoxyacetic acid, it was necessary 
to study methods for its determination In the Griffith method for the 
determination of the similar compound, hippuxic acid, the acidified nnne 
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IS e\ti acted Avith ether and the nitrogen content of the extract is deteimined 
as a measuie of the hippuiic acid content aftei the destmction of any 
extracted urea by the use of hypobiomite (10) We have found that 
phenoxyacetic acid added to normal labbit unne may be satisfactorily 
recoveied (97 6, 98 1, and 99 0 pei cent in thiee consecutive tests) m 
this way It was also desuable to deteimme total phenoxyacetic acid 
in mine The piocedure used by Kingsbuiy and Swanson (11) for the 
estimation of total benzoic acid, when applied to phenoxj^'acetic acid, 
lesulted in the foimation of some substance (presumably a nitrophenol 
deiivative) which was not completely exti acted by the chloiofoim and, 
m addition, was only paitially leexti acted from the chloioform by the salt 
solution The yellow coloi of this mateiial mteifeied with the titration 
of the chloiofoim extract with alkah 
A coloiimetiic piocedure was developed which was based on the oxidative 
cleavage of phenoxyacetic acid by nitiic acid to yield a dimtiophenol 
The intensity of the color of the sodium salt of dimtiophenol vas measured 
with the aid of the Evelyn photoelectiic colorimetei 
The 6 or 18 houi specimens of labbit unne weie diluted to 100 and 
200 ml respectively, and 5 ml of this diluted unne veie fuithei diluted 
to 500 ml 2 ml of the urme as finally diluted v ere placed m a micro- 
Kjeldahl flask calibiated at 12 ml A glass bead was added and the con- 
tents of the flask weie i educed neaily to diyuess by heating, piefeiably 
on a Kjeldahl micio digestion lack Heatmg was stopped ]ust before 
the last diop of hquid disappeaied fiom beneath the bead 3 ml of con- 
centrated mtnc acid weie added and the acid was evapoiated by heating 
on the rack until a small amount of acid lemained m the flask It Avas 
necessary to exeicise caution at this pomt, since, if the lesidue was allowed 
to become entirely dry, the contents sometimes exploded and Ioaa lesults 
Aveie obtamed After coohng, 5 ml of distilled aa atei aa ere added, foUoAAed 
by 3 ml of 25 per cent sodium hy dioxide Aftei dilution to the maik 
Avith distilled watei and careful mixmg, the intensity of the coloi AA^hich 
developed immediately Avas measuied m an Evelyn photoelectiic coloi- 
imeter (Filtei 420) The readmgs Aveie converted to mg Avith the aid 
of a calibiation cuive, obtained by the use of the above procedure AAuth 
2 ml of normal diluted labbit uime to which knoAvn amounts of phenoxy- 
acetic acid had been added Aqueous solutions of the acid could not be 
used in the establishment of the cahbiation curves, since theie Avas piesent 
in rabbit urme some substance, m the piesence of AA^hich the coloi of the 
sodium salt of the dimtrophenol was intensified By the use of this 
pioceduie, it Avas possible to recoAnr fiom 93 to 99 per cent of added 
phenoxyacetic acid Similar cahbration curves were prepared foi the 
monochloro derivatives, for phenoxyacetunc acid (which gave, as expected, 
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essentially the same values as phenoxyacetic acid), and foi y-phenoxy- 
butyric acid With the monochloio compounds, it was necessary to use 
funung mtnc acid to spht the ether linkage 

Glucuromc acid was deterimned colorimetiically by the procedure 
already described from this laboiatory (8) with the use of the photoelectric 
coloiimeter Creatimne was deteimined as a check on the completeness 
of the collection of the sample, but the lesults are not lecorded 

Expenmenial Procedure — ^iVIale labbits of 2 to 3 kilos of body weight, 
maintamed on constant diets of oats and cabbage, seiwed as experimental 
animals Urme was collected by gentle pressuie on the bladdei and was 
separated into 6 and IS hour fiactions The sodium salts of the acids 
in aqueous solution weie fed by stomach tubes Phenoxyacetic acid was 
first fed at a level of 200 mg pei kilo, but latei a somenhat smallei dosage 
of 100 mg per kilo was fed Wlien glycme was also admimstered, it was 
given m amounts coirespondmg to three eqmvalents of the acid fed 

Since, so far as is known to us, repoits of the toxicity of the monochloio 
denvatives of phenoxyacetic acid are not available, piehmmary expeii- 
ments with these acids were earned out Male white lats, 200 gm m 
Aveight, received approximately 200, 400, and 800 mg pei kilo oially for 
3 consecutive days with no signs of toxicity The animals consumed 
their daily food rations completely Rabbits which leceived p-mono- 
phenoxychloroacetic acid at the 200 mg per kilo level showed a marked 
hematuna and protemmaa ivhich persisted for appioximately 72 hours 
aftei the feedmg In subsequent feedmg expenments mth rabbits, the 
monochlorophenoxyacetic acids were fed at a level of 125 mg pei kilo 
(equivalent to 100 mg of phenoxyacetic acid) 

DISCUSSION 

The results of the experiments m which phenoxyacetic acid was fed may 
be summanzed as follows There ivas no evidence that phenoxyacetic 
acid was conjugated to a sigmficant degiee with either glucuromc acid 
or with glycme (even when extia glycme m considerable amounts was 
supplied m the diet) These results, as far as conjugation with glj’-cme 
to give phenoxyacetunc acid is concerned, are m harmony mth the limited 
earhei and essentially qualitative expeiiments with man (12, 13) and the 
dog (13) The excretion of “total” phenoxyacetic acid by the kidnej's 
was lapid, 60 per cent of the amount ingested bemg excieted wnthm 6 
houis (range, 44 to 72 per cent m nme experiments), and 96 per cent m 
24 houis (lange, 82 to 105 pei cent) It is of interest to compare the rate 
of excretion of phenoxyacetic acid with that of phenylacetic acid m the same 
species, even though the dose per kilo was sigmficantly greater m the experi- 
ments with the latter (1) The excretion of phenylacetic acid, both total 
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and combined as phenacetunc acid, was slow and the excretion contmued 
over a penod of several days 

It was also possible to isolate phenoxyacetic acid fiom the experimental 
iirmes as the S-ben25ylthiuromum salts- by the procedure alieady discussed 
As shown in Table I, from 43 to 51 per cent of the acid fed could be isolated 
thus as a derivative of satisfactory purity, as shown by meltmg pomts 
and analyses for mtrogen 

When o-monochlorophenoxyacetic acid was fed either with or without 
glycine, there was no evidence of conjugation, and prompt excietion 
by the kidneys was observed, tern foui ex^periments from 50 to 72 per 
cent of the acid admimsteied in 6 hours These lesults are smiilar to those 
obtained with the unsubstituted phenoxyacetic acid and are m sharp 
contrast to the results obtamed aftei the oral admimstration of the isomenc 
p-monochloiophenoxyacetic acid Here also no conjugation was observed, 
but the excretion in the first 6 hours was so low (13 to 15 per cent of the 
administered acid m four experiments) that the values approached the 
lower limits of accuracy of the analytical procedures used With the 
dosage used (125 mg per kilo) there were no signs of toxicity, although 
the possibihty of delayed absorption from the mtestme or renal mjury 
as factors m the lowei rate of excietion cannot be ruled out In the 24 
hour penod the total excretion was essentially the same for both the mono- 
chloro acids, an excietion corresponding to 70 to 90 per cent of the amount 
administered It was possible to isolate each of these acids from the ex- 
perimental urmes as the SET salts The data are presented m Table I 

Smce it was shoivn that phenoxyacetic acid was excreted unchanged, 
it was of mterest to determme whether the highei homologues of phenoxy- 
acetic acid would be excreted unchanged or whethei, by oxidation of the 
side cham, they would be converted to lower homologues or to phenoxy- 
acetic acid itself When 7 -phenoxybutyiic acid was fed mth ormthout 
glycme, the rate of excretion of metabohc pioducts was sunilar to that 
observed after phenoxyacetic acid (53 and 58 per cent in 6 hours m two 
experiments), mth no evidence of conjugation with either glycme or 
glucuromc acid That oxidation to 3 aeld phenoxyacetic acid had occuiied 
was shown by the isolation of the SET salt of phenoxyacetic acid from 
the expeiimental urmes As shown m Table I, the amounts of the salt 
isolated m three expeiiments weie equivalent to 13, 14, and 38 per cent 
of the theoretical amount of phenoxyacetic acid which could be obtamed 
by ^ oxidation of the 7 -phenoxybutync acid fed 

After 6 -phenoxycaproic acid had been fed to two labbits, 20 and 23 
per cent of the theoretical amount of the SET salt of phenoxyacetic acid 
was obtamed from the unne Meltmg pomts, muxed meltmg pomts, and 

s¥or convenience, these salts will be referred to hereafter as SBT salts 
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analyses for mti ogen were satisfactory (Table I) However, as added proof, 
one sample of the pheno\yacetic acid salt isolated after the admimstration 
of 7 -pheno\ybut 3 aic acid and one sample obtained after e-phenoxycaproic 
acid weie analyzed for carbon and hydrogen, as shown m the foot-notes 
to Table I All the evidence indicates clearly that the oxidation, pre- 
sumably /3 oxidation, of the acids has occurred, and that the product of 
oxidation, phenoxyacetic acid, is excreted m the unne Smce the prepa- 
ration of the SBT salts of other acids fiom unne has been estimated to 
yield from 50 to 60 per cent of the theoietical amount (8), it is beheved 
that the amount of phenoxyacetic acid actually present m the unne 
represents a sigmficant proportion of the acid fed 

Although no conjugation of phenoxyacetic acid with glycine was ob- 
served, it was of interest to study the fate of the potential conjugation 
product, phenoxyacetunc acid, which we had synthesized as already 
described The acid was admmistered orally or subcutaneously to rabbits 
m amounts equivalent to 100 mg of phenoxyacetic acid per kilo and the 
total phenoxyacetic acid and the phenoxyacetic acid as phenoxyacetunc 
acid weie deteimmed m the 6 and 18 hour unnes The diffeience between 
total and conjugated phenoxyacetic acid was an index of the amount 
of phenoxyacetunc acid hydiolyzed With two exceptions (one oral 
and one subcutaneous admimstration), significant hydrolysis was observed, 
a hydrolysis which was greater m the 18 hour samples than in the 6 hour 
That this hydrolysis was not due to the activity of the mtestmal imeroflora 
was shoivn by the observation that m four experiments with subcutaneous 
mjection hydrolysis was observed in three of the four unnes collected 
after 6 hours and in all four of the 18 hour specimens From the unne 
of one animal which had received 500 mg of phenoxyacetunc acid orally, 
the equivalent of 108 mg of phenoxyacetic acid was isolated as the SBT 
salt This corresponded to about 30 per cent of the phenoxyacetic acid 
which could be obtamed by complete hydiolysis of the phenoxyacetunc 
acid fed The meltmg point, mixed meltmg point, and mtrogen content 
(8 75 percent) coiresponded to those of known samples of the SBT salt of 
phenoxyacetic acid 

The hydrolytic cleavage of phenaceturic acid observed was not due to 
changes in the urme after voidmg When unne samples contaming 
phenacetunc acid were mcubated at room tempeiature, hydrolysis was 
shght, less than 6 per cent m 24 horns A sumlar study of hippunc acid 
m urme showed a hydrolysis of more than 40 per cent in two experiments 

Histozyme, a non-specific enzyme, which effects the hydrolysis of hippunc 
acid, IS known to occur in certam animal tissues, notably the kidney 
So (14) has observed that phenacetunc acid was readily hydrolyzed by 
a punfied histozyme preparation from pig hver, less readily by a similar 
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piepaiation fiom pig kidney We have prepared paitially puiified his- 
toz 3 niie (acetone-diied piepaiations) fiom rabbit kidney by the method 
of So (14) and have studied its action on hippuiic and phenoxyacetunc 
acid m paiallel expeiunents 

Hippuric or phenoxyacetuiic acid was determined by the use of the 
Griffith method (10) before and after mcubation The deciease after 
mcubation lepiesented the amount hydiolyzed The details aie presented 

Table II 

Hydrolysis of Hip'purtc and Phenoxyacetunc Acids hy Hislozymc of Rabbit Kidney 
Teat solutions included 25 ml of phosphate buffer (pH G S), 200 ing of enzyme 
po\\der,'* and the amount of substrate indicated The mixed materials were diluted 
to 50 ml with distilled water V small crystal of thymol was added, and the solu- 
tion was incubated for 24 hours at 30-37° Blank values have been subtracted 


Experiment No 

1 Tunc 

Substrate 


Hydrobsia 


hrs 


trig 

per cent 

1 

0 

Hippunc acid ■ 

lOS 0 



24 

K (t 

SS 2 

IS 3 

2 

0 

Phenoxyacetunc acid 

101 5 



24 

it ii 

32 6 ' 

GS 9 

3 

0 

Hippunc acid 

126 4 1 



24 

tt tt 

121 3 

3 25 

4 ' 

0 

Phenoxy acetunc acid 

100 S 


! 

24 

<C It 

6G 7 

33 8 

5 

0 

Hippunc acid 

143 4 



24 ! 

(( tt 

142 2 

0 9 

6 

0 

Phenoxyacetunc acid 

147 4 



24 

tt tt 

100 3 

32 1 

7 

0 

Hippunc acid 

131 1 



24 

cc tt 

122 8 

7 1 

8 

0 

Phenoxyacetunc acid 

75 3 



24 ! 

(( tt 

47 3 

37 2 


♦Two histozymc preparations weie used Preparation 1 in Experiments 1 and 
2, and Preparation 2 in the other experiments 


m Table II Pieparation 1 of the kidney powder was moie effective m 
the hydiolysis of both hippunc and phenoxyacetunc acid than was Prepa- 
ration 2, which hydiolyzed hippunc acid very shghtly Howevei, m 
each of the foui sets of expeiiments, the extent of hydiolysis of phenoxy- 
acetuuc acid was cleaily gieatei than was that of hippunc acid The 
data suggest that the hydiolysis of phenoxyacetunc acid, obseived after 
both oral and parenteial adnunistiation, may be related to the activity 
of the histozyme of the kidney It is, of course, possible that sunilai 
0 n 7 . ymatic activity may be associated with othei organs 
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smiaiAKT 

The S-benzylthiuiomiim salts of pheno\yacetic acid and some of its 
derivatives and homologues have been piepaied and then pioperties 
described These salts have been useful for the identification of the 
phenoxy acids and then pioducts of metabohsm in mane Phenoxy- 
acetylglycme (^'phenoxyaceturic'’ acid) has been S3nithesized When 
this compound was fed oi mjected mto rabbits, some hydrolysis occuried, 
as evidenced by the excietion of phenoxyacetic acid m the urme The 
pi esence of an enzyme which hydi oly zed phenoxyacetunc acid moi e readily 
than hippunc acid was demonstiated m ^‘histozyme” prepaiations fiom 
rabbit kidneys (acetone-dned tissue) 

When phenoxyacetic and o- and p-monochloiophenoxyacetic acids 
weie fed to labbits, they weie excieted m the uime No evidence of con- 
jugation vnth eithei glycine (phenoxyacetunc acids) oi glucuiomc acid 
was obtamed 

'V\Tien 7-pheno\ybutync acid and ephenoxycapioic acid weie fed, 
only phenoxyacetic acid vas isolated fiom the mine This is fuither 
evidence m suppoit of the Khoop theory of oxidation of fatty acids, 
smce the phenoxyacetic acid is believed to be deiived fiom the highei 
homologues by ^ oxidation 
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BY FRACTIONAL AMMONIUM SULFATE PRECIPITATION 
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(From the Departments of Neurology and Biochemistry^ 

College of Physicians and Surgeons y Columbia University y New York) 

(Received for publication, January 27, 1947) 

It has been shown that nerve and muscle tissues contain an esterase 
easily distinguished from all other esterases by its high relative specificity 
for acetylchohne (10) This enzyme, cholmesterase, is piesent m all types 
of nerves and muscles throughout the animal kmgdom, and has been found 
m the heads of Tubularia, a hydrozoan coelenteiate, the lowest animal form 
to possess neuromuscular tissue comparable to that of higher ammals (5) 
Substances which are inhibitors of the enzyme also abohsh conduction m 
nerve and muscle (2) This abohtion is reversible when the enzyme inhi- 
bition is also reversible, whereas ii reversible inhibition of the enzyme is 
paralleled by irreversible inhibition of conduction A stnking parallehsm 
has been obtamed between the behavioi of the chemical and electrical 
processes if their irreversibihty is tested as a function of time and tempera- 
ture (3, 4, 6) In connection ivith a great number of other facts, the 
evidence appeals to be conclusive that the activity of chohnesterase is 
msepaiably associated mth the conduction of impulses along nerve and 
muscle fibers (7, 8) 

It is obvious that an enzyme of such apparent importance in the 
functiomng of nerve and muscle is of great mterest and that more infor- 
mation IS desirable concenung its chemical and physicochemical properties 
It IS useful to obtain the enzyme in purified form m order to facilitate 
detailed studies concemmg its chemical and physicochemical properties 
In this paper will be described a procedure by which chohnesterase of a 
high degree of punty has been obtamed by fractional ammomum sulfate 
precipitation of extracts fiom the electnc organ of Electrophoms electricu^ 
The same procedure always yields nearly identical results Studies of the 
physicochemical properties of the enzyme will be reported in subsequent 
papers 

Electnc tissue has been selected because it sphts per hour amounts of 
acetylcholme equivalent to 1 to 3 times its oivn weight This extra- 
oidinarily high concentration of the enzyme is particularly mterestmg m 
view- of the low^ protem (2 per cent) and high water content (92 per cent) 
It IS rare to find a matenal which offers itself so favorably as a source for 

* This work was made possible by a grant of the Josiah Alacy, Jr , Foundation 
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enzyme pmification It was found, in 1938, that cholinesterase may be 
easily extracted fiom these organs and obtained in cell-free solution by 
homogemzation and centiifugation (9) Certain pioperties of this enzyme 
have been described It has also been shown that the esterase m these 
organs is exclusively specific chohnesteiase (10) 

Methods 

The manometiic method was used foi the determination of the enz^nne 
activity m the usual way (10) The buffei solution m the vessel contained 
0 13 M NaCl, 0 04 m MgCb, and 0 025 ai NaHCOj in final concentration 
The substiate was placed in the side bulb in 0 1 cc , its final concentiation 
after nuxing being 0 018 m If the enzyme solution vas diluted to a very 
high degiee, gelatin was added (0 1 per cent final concentration), since it 
V as found that the enzyme in high chlution becomes unstable 

The piotein content was determined by di 3 ung and weighing 1 cc of 
the enzyme solution a\ as put into a small centnfuge tube of 3 cc capacity 
and of known v eight (between 4 0 and 4 5 gm ) 1 cc of 20 pei cent tn- 

chloioacetic acid was added The precipitate was left to settle overnight 
The tube Avas centrifuged at 4000 n p ai foi about 10 minutes and the siipei- 
natant Avas discarded The piecipitate uas washed twice A\ath 2 cc of 
distilled water Aftei the supernatant of the second Avashing had been 
removed, the tube was kept in a diying oa en at 110® and weighed on the 
following day 

The dialysis of the puiified chohnesterase solutions as earned out m the 
followmg mannei The enzyme, after solution m secondary phosphate plus 
phosphate buffer, was poured into a bag made of cellophane casing, a 
small glass bead Avas added, and the open end then tied Allow ance AA^as 
made for a sufficiently laige an bubble to cause stirring of the solution 
The cellophane bag Avas then attached to an eccentiic stiirei and immersed 
in a 3 litei jai The stiirer wms lotated b^ means of a small gear i eduction 
motoi 

For the 1st da^’^ dialysis w^as earned out against 0 1 m Na 2 HP 04 The 
outer dialysis fluid w as changed eveiy hours In all six to seven changes 
of secondaiy phosphate (3 liteis each) weie used The outer dialysis fluid 
Avas changed to 0 1 M NaCl, 0 015 m MgCb, 0 015 m phosphate buffer, pH 
7 4, in the final change 

During the 2nd and 3id days, the dialysis wms continued against the 
latter solution, changes being made eveiy 2 hours In all, six to seven 
changes w ere made each da^^ 

Results 

Piepaiation of Maiertal— The electnc organ contams an appreciable 
amount of mucin (1) , Avhich proved to be most disturbmg m earher attempts 
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at puufication of cholinesterase extracted from this tissue It could, how- 
ever, be easily iemo\ed m the following mannei the tissue ivas cut into 
small pieces and allowed to remain m the lefiigeiatoi undei toluene foi 1 
month Each da}’’ there appears some exudate vhich has a high mucin 
content The exudate is discaided peiiodically and finally, at the end of 4 
to 5 weeks, the tissue contams veiy little mucin 
In the piepaiation to be desciibed here, 10 05 kilos of electnc tissue from 
nme electric eels {Electrophoi us electncus) weie tieated m the way 
mentioned above At the end of 1 month, 6 44 liters of exudate had been 
removed The remaining 3 6 kilos of tissue w^eie ground m a Wanng 
blender wuth 9 2 hters of 5 per cent ammonium sulfate Duiing the first 
gnndmg, 250 cc of ammomum sulfate were added to each 100 gm portion 

Table I 

Cholinesterase Acliviiies and Protein Contents of Solutions Obtained during Purifi- 
cation of Enzyme from Electnc Tissue of Electrophorus electncus 


The last column indicates the enzyme activity per unit of protein (Ap = mg of 
acetylcholine split per hour per mg of protein) Preparation 8 has been obtained by 
high speed centrifugation of a solution similar to Preparation 7 


Preparation No 

1 

1 Dilution used j 

CO 2 output i 

ACh split 1 

1 

Protein 

Ap 

1 


c mm per hr 

392 

gm per cc per hr 

0 950 

mg per cc ' 

3 3 

2SS 

2 


360 

3 5 j 

8 0 1 

438 

3 


301 ; 

12 2 j 

4 3 

2,810 

4 

1 10,000 

220 

17 8 1 

4 9 1 

3,630 

5 

1 10,000 

36S ; 

29 8 i 

6 1 1 

4,890 

6 

1 10,000 

442 

35 8 

4 8 

7,460 

7 

1 20,000 

303 

49 2 

2 3 

21,400 

8 

1 200,000 

323 

524 0 

7 0 

75,000 


of tissue The second extraction was earned out \vith two-tturds the 
volume of the fiist exti action In this way, 10 24 hteis of solution ’were 
obtained The enzyme activity and the protein content of this solution and 
of those obtained dunng the course of purification are recorded m Table I 
1 cc of this solution “was able to spht 0 95 gm of acetylchohne per hour 
(Table I, Preparation 1) The total amount of solution prepared w as then 
able to spht 9 7 kilos of acetylcholine per hour 1 mg of protein of this 
solution could spht 288 mg of acetylchohne per hour The activity of the 
preparation per umt of piotein wall be called A? In this instance Ap was 
consequently 288 


Punfication of Cholinesterase Solution 

First Step of Punfication — Sohd ammomum sulfate was added to the 
10 24 hters of solution m sufficient quantity to make the concentration of 
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ammomum sulfate 15 per cent The precipitate formed was centrifuged 
and discarded, since it was known that at a concentration of 15 per cent 
ammomum sulfate only negligible amounts of cholmesterase are precipi- 
tated To the supernatant solution was added solid ammomum sulfate 
to increase the concentration to 40 per cent The precipitate w as filtered 
by suction The filter paper was commmuted and suspended m 1350 cc 
of 5 per cent ammomum sulfate The pH was adjusted to 7 1 The papei 
was filtered off through gauze and washed first m 750 cc of 5 per cent 
ammomum sulfate (pH 7 0) and then a second time m 400 cc of 5 pei cent 
ammomum sulfate Each of these washmgs was then combined mth the 
original solution 

2 54 hters of solution were obtamed m this way 1 cc was able to spht 
3 5 gm of acetylchohne per hour The activity of the whole amount was 
8 9 kilos The Ap was 438 (Table I, Preparation 2) The solution was 
centrifuged at 2000 n p m foi 13 minutes to remove the mucin-hke 
substance floatmg m the solution The enzyme activity was unaffected by 
this operation About one-half of this solution, 1 25 hters, was precipitated 
by the addition of sufficient saturated ammomum sulfate to bnng the con- 
centration up to 19 per cent At this concentration of ammomum sulfate 
some loss of cholinesterase occurs, but, at the same time, much of the pro- 
tein is lemoved and a considerable degree of punfication is obtamed The 
pH was adjusted to 5 82 The solution was left m the refrigerator over- 
mght in order to allow the precipitate to digest and settle The precipitate 
was centrifuged at 2000 n p m m an anglehead centrifuge and washed first 
with 450 cc and then with 300 cc of 19 per cent ammomum sulfate (pH 
5 82) The washmgs were combined The supernatant flmd and v ashmgs 
were precipitated separately at 29 per cent ammomum sulfate by the addi- 
tion of saturated ammomum sulfate (pH 5 62) Most of the enzyme is 
precipitated at this concentration of ammomum sulfate at the shghtly acid 
pH used 

The solution was then centnfuged at 2000 r p m The supernatant was 
discarded Three-fourths of the pro tern was dissolved in 113 cc of 5 per 
cent ammomum sulfate (pH was adjusted to 7 3) The remainmg fourth 
of the total protem was dissolved m 25 cc of 0 1 m NaCl, 0 015 m MgCb, 
0 015 M phosphate buffer, pH 7 4, plus 5 cc of 0 1 m NaoHP 04 This 
solution was dialyzed for 3 days At the end of the dialysis 52 cc of 
solution were obtamed 1 cc of this solution was able to spht 12 2 gm 
of acetylchohne per hour The activity of the whole amount was 634 
gm of acetylchohne per hour The Ap was 2810 (Table I, Preparation 

3 ) 

The remaimng 1160 cc of solution with an Ap of 438 were precipitated 
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successively at 19 and 29 per cent ammonium sulfate and treated in a 
manner similai to the previous fraction The precipitate obtamed at 29 
per cent was dissolved in 120 cc of 5 per cent ammomum sulfate and 
combined with the corresponding solution of the first fraction m which 
thiee-fourths of the protein had been dissolved m 113 cc of 5 per cent 
ammomum sulfate The volume of the two solutions combined was 300 
cc , 1 cc of which was capable of sphttmg 17 8 gm of acetylchohne per 
hour The activity of the whole volume was 5 3 kilos Ap was 3630 
(Table I, Preparation 4) 

Second Step of Punficaiton — ^This solution was precipitated ivith 19 per cent 
ammomum sulfate (pH 5 83) The precipitate was allowed to settle for 2 
hours, was centrifuged at 2000 r p m , and the precipitate discarded To 
the supernatant was added saturated ammomum suKate to 28 per cent 
(pH 5 57) The precipitate was centrifuged on the next day and dis- 
solved m 100 cc of 5 per cent ammomum sulfate (pH 7 0) 148 cc of a 

solution were obtamed and were able to spht 29 8 gm of acetylchohne per 
hour per cc The activity of the whole volume was 4 41 kilos Ap was 4890 
(Table I, Preparation 5) 

40 cc of this solution were precipitated at 28 per cent with saturated 
ammomum sulfate (pH 5 66) The precipitate was allowed to remain m 
the refngerator overmght to settle and then centrifuged at 5000 r p ai for 
15 mmutes The precipitate was dissolved m 6 cc of 0 1 m NaCl, 0 015 ai 
MgClj, 0 015 ai phosphate buffer, pH 7 4, plus 6 cc of 0 1 ar NajHPO^ 
17 cc of this solution were dialyzed for 3 days 19 cc of a solution were 
obtained 1 cc of this solution was able to spht 35 8 gm of acetylchohne 
per hour The activity of the whole volume was consequently 680 gra 
Ap was 7460 (Table I, Preparation 6) 

Third Step of Purification — 105 cc of solution ivith Ap 4890 were precip- 
itated at 20 5 per cent ammomum sulfate and centrifuged at 5000 r p M 
after 3 hours The supernatant was saved and the precipitate ivas washed 
three times with 30 cc of 20 5 per cent ammomum sulfate (pH 6 2) The 
supernatant and washmgs (kept separated from the supernatant) were 
precipitated at 27 per cent -with saturated ammomum sulfate The pre- 
cipitate was centnfuged at 3500 r p si m the refngerated centnfuge at 10° 
The combined precipitates weie dissolved m 35 cc of 1 per cent ammonium 
sulfate 

The above solution was then precipitated at 27 per cent with saturated 
ammomum sulfate (pH 5 61) and allowed to remam m the refngerator for 
3 hours This was centnfuged m the cold centnfuge as above, and the 
precipitate dissolved m 7 5 cc of 0 1 ai NaCI, 0 015 m MgCb, 0 015 xr 
phosphate buffer, pH 7 4, plus 7 5 cc of 0 1 xi NajHPO^ The solution 
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was dialyzed foi 3 days This and the other dialyzed solutions were used 
for ultiacentrifuge studies, which ^\lll be described elsewheie 

28 5 cc of solution ^\eie obtained 1 cc nas able to spht 49 2 gm of 
acetylchohne pei hour The activity of the n hole amount n as 1 40 kilos 
Ap nas 21,400 (Table I, Piepaiation 7) 

Specificity Pailein of Pin ificd Chohncste) asc — If the lates of hydiol^’^sis of 
diffeient esteis by a solution of cholmesterase purified from electric tissue 
are tested, it is found that the same pattern is obtained as with the freshly 
piepared suspension (10) The highest Ap at vhich the pattern was pre- 
\nously tested was 3000 It appeared of interest to see whether or not a 
still higher degree of purification affects the pattern observed earher In 
Table II the data obtained with piepaiations of an incieasmg degree of 

T\ble II 

Specificity of Cholinesterase from Electric Tissue of Electrophorus eleclrtcus, Tested 
by Rate of Hydrolysis of Different Esters j in Course of Purification 


qx = the h> droljsis rate of Substrate x in per cent of that of acetylcholine 
Pr = propionylchohne, Bu = butyrylcholine, Me = acetyl /9 methy Icholine 
(mecholyl) g of benzoylchohne, tnbutyrine, and methylbutyrate was always 0 


Ap 

ACh split 1 


qx 


ir 

cPr ! 

flBu 

^Me 

270 

c mm Per hr 

335 

07 

1 

22 

1,365 

311 

101 

3 

31 

2,500 

320 

100 

1 

IS 

75,000 

584 

lOS 

1 

, 21 


punty are summaiized The solution w ith an Ap of 21,000 w as an enzyme 
solution piepaied by^ fiactional ammonium sulfate precipitation, as de- 
seabed above 

If an enzyme solution puiified m this w^ay is centnfuged at high speed, 
the enzyrme is found in the pellet One of the solutions obtamed from a 
pellet suspension aftei ultiacentiifugation at 48,000 ufu whs capable 
of sphttmg 525 gm of acetydcholme per cc pei hour and had a protein 
content of only 6 to 7 mg per cc , the Ap thus bemg at least 75,000 Since 
this solution appeared to ha^ e only one component m an analytical ultra- 
centnfuge iun,it seems quite piobable that this is vii tually the pure enzyme 
and that the pattern found is consequently that of the pure cholinesterase 
of the mateiial used As can be seen from Table II, all the solutions tested 
have a pattern virtually identical wath that of the homogemzed suspension 
Consequently, the pattern found is that of the puie cholinesterase of the 
material used 
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DISCUSSION 

The results described show that a high degree of purity of cholinesterase 
may be easily obtained by fractional ammonium sulfate precipitation once 
the mucm piesent in the electric tissue has been removed A great part 
of the protem which is not chohnesteiase protein may be precipitated by 
the ammomum sulfate up to a concentiation of 21 per cent, whereas most 
of the enzyme protein i emains m solution Thei eaftei , ammonium sulfate 
at concentiations up to 27 per cent piecipitates practically all of the cho- 
hnesterase piotein, leanng the other proteins in solution If the oiiginal 
solution obtamed aftei the lemoval of the mucm is piecipitated with 
ammomum sulfate at 21 per cent, a great pait of chohnesterase is pre- 
cipitated sunultaneouslj and would be lost Also, if the onginal solution 
IS precipitated by ammonium sulfate at a concentration of 27 per cent, 
many other proteins ivould be piecipitated simultaneously and the degree 
of purity obtamed would be much lowei Moreovei, part of the enzyme 
remains m solution and would be lost The purification has therefoie been 
earned out m several steps m older to avoid the large losses incurred by 
immediate precipitation at these concentrations 

The precipitation mth 40 per cent of ammomum sulfate and filtiation 
of the piecipitate in the first step were apphed only after it had been re- 
peatedly found that centrifugation of the precipitate at this oi shghtly 
lower concentiations of ammomum sulfate was very difficult wuth the 
centrifuge available It is possible that with a more efficient centrifuge 
than that used it w ould be feasible to separate the precipitate from the 
supernatant fluid 

It is also unpoitant to obseive the slight acidification described (pH 5 6 
to 5 9) At tffis pH precipitations are more complete Stronger acidifi- 
cation, however, should be avoided, since the enzyme is apparently sensitive 
to greater pH changes 

In a freshly prepaied homogemzed suspension of electnc tissue of Electro- 
phorus electneus, 1 mg of piotem sphts about 50 to 100 mg of acet 3 ''lchohne 
per hour (Ap = 50 to 100) Since the A? rises up to more than 20,000 by 
fractional ammonium sulfate piecipitation, a 200- to 400-fold purification 
has been obtamed An Ap of 20,000 means that m spite of the extra- 
ordmaiily high concentiation of chohnesterase in electnc tissue and in 
spite of its low protein content, the enzyme foras less than 0 5 per cent 
of the tissue protein But even this figure is much too high By high 
speed centrifugation, the enzjTne protem may be furthei separated from 
other proteins, indicating that the enzyme piotem forms less than 1 per 
thousand of the total 

Smee the amount of enz 3 ’me protem is so small in the electnc organ, 
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the high speed of acetylchohne hydrolysis suggests the possibihty of a 
great efficiency of the enzyme system Experiments ^^Tth high speed 
centnfugation earned out in collaboration ^\^th Dr Kurt G Stem, i\hich 
iviU be desenbed in a separate paper, indicate that the molecular weight 
of the enzyme is in the neighborhood of 3 milhon and that its turnover 
number is approximately 20 milhon per minute Thus, 1 enzyme molecule 
seems to be able to spht 1 molecule of acetylchohne in 3 to 4 milhonths of a 
second If these results can be confirmed by the mvestigations still m 
progress, they would be noteworthy not only from a purel}’' biochemical 
view In the face of the assumption that the release and removal of acetyl- 
chohne are associated directly with the electneal manifestations of the 
surface membrane in nerve and muscle, the high potential rate of acetyl- 
chohne inactivation is of considerable physiological mterest 

SUMMARY 

A method is desenbed by which a highly purified solution of chohn- 
esterase is obtamed from the electric organ of Elecirophorus electncus 
The mucm present in the organ is removed and fractional ammomum 
sulfate precipitation is used in carrjung out the separations 

In a concentration of ammomum sulfate up to 21 per cent, the enzjune 
protein remains in solution, vhereas many other proteins are precipitated 
and may thus be removed By precipitation mth ammomum sulfate at a 
concentration of 27 per cent, the chohnesterase is nearly completely precip- 
itated, whereas other proteins remain m solution at that concentration 
In this way, an enzyme solution may be obtamed m vhich 1 mg of protein 
sphts 20,000 to 21,000 mg of acetylchohne per hour Since in a freshly 
homogemzed suspension of the tissue used 1 mg of protein sphts 50 to 100 
mg of acetylchohne, the preparation obtained represents a 200- to 400-fold 
purification The precipitations with ammomum sulfate have to be 
earned out m several steps 

A further separation of mactive protem from the enzyme protein may be 
obtained by high speed centrifugation 

The pattern obtamed by testmg the rate of hydrolysis of different esters 
is t 3 rpical for chohnesterase and remams unchanged throughout the vhole 
process of punfication It is still the same if a higher degree of purification 
IS obtamed by high speed centrifugation Thus, the esterase present m 
electnc tissue seems to be exclusively chohnesterase 
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THE PHOSPHORUS-CONTAINING LIPIDES OF THE CARROT* 
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The early hteiature dealing with plant phosphohpides was reviewed m 
1930 by Thierfelder and IQenk (1) and, with the exception of a few of the 
most recent papers (2-5), the woik m this field was snmmanzed m 1941 
by Workmg and Andrews (6) The difficulties m isolating and purifying 
plant phosphohpides and in freeing them of sugars, ammo acids, etc , are 
brought out m these renews Such difficulties are particularly evident m 
plants like the carrot (7-13) that are high m water and low m lipide content 
The present report deals with the chemical chaiactenstics of the phos- 
phorus-contaimng lipides of the cariot Two types are descnbed, diffenng 
prunanly m their chohne and mtrogen contents One type, obtamed from 
the raw carrot, was low m mtrogen and low m, or devoid of, chohne The 
other, obtained from steam-treated cairots, was higher in its mtrogen and 
chohne content 


EXPERIMENTAL 

Isolation of Phosphohpides from Carrot 
The carrots used throughout were obtamed from the Umversity farm 
at Davis^ or were purchased m the open market They weie cleaned, 
scraped, and ground The ground matenal was then treated with various 
solvents, as described below 

Two extraction procedures weie used, these differed essentially m the 
temperatme at which the extraction was earned out and m the type of 
solvent employed In the first the raw cairots were extracted with an 
alcohol-ether mixture at 55-60° In the second a slush was firet made of 
ground cariots with ethyl ether and the mixture was frozen at —25° 
This served to rupture the cell membranes, the hpides freed by this pro- 
cedure bemg dissolved in ethyl ether 
'"-.J^Exti action of Raw Carrot at 55-60° — 15 kilos of fresh carrots were 
transTStred m portions to round bottom flasks A sufficient amount of a 
3 1 alcohol-ether mixture v as added to gi\ e a ratio of 3 cc of solvent per 

* The subject matter of this paper uaa undertaken in cooperation with the Com- 
mittee on Food Research of the Quartermaster Food and Container Institute for the 
Armed Forces The opimons or conclusions contained in this report are those of the 
authors They are not to b6 construed as necessanly reflecting the views or indorse- 
ment of the War Department 

‘ Kindly supplied by Dr T E Weier and Dr R Stocking 
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gm of carrot The mixture was then refluxed for 18 to 24 hours at 55-60® 
The solvent was decanted and filtered The carrot residue obtamed after 
this extraction was subjected to another treatment with 3 1 alcohol-ether 
and both extracts combmed It was then concentrated at 55-60° to a 
small volume (about 10 to 100 cc , depending on the water content) under 
1 educed piessme (40 to 60 mm of Hg) m an atmosphere of CO 2 The 
concentrated mateiial was then reextracted mth several volumes of distilled 
peti oleum ether (b p 30-60°) and the combmed petroleum ether extracts 
reduced to a volume of about 10 cc under reduced pressure m an atmos- 
phere of CO 2 To the concentrate so obtamed 2 to 3 volumes of acetone 
were then added, and this was followed by the addition of seveial drops of a 
saturated solution of MgCh m absolute alcohol The precipitate that 
foimed was washed repeatedly ivith acetone and then dissolved m a small 
volume of moist fleshly distilled ethyl ether The precipitation procedure 
with acetone and MgCb was repeated and the precipitate obtamed was 
agam dissolved m moist ethyl ether 

2 Extraction of Raw Carrots at Low Temperature — 5 kilos of fresh raw 
cariots were giound and portions transferred to a round bottom flask A 
sufficient amount of freshly distilled ethyl ether was added to give a ratio 
of 3 cc of solvent pei gm of carrots and the slush mtimately mixed by 
swilling It was then frozen by immersion m an alcohol-sohd CO 2 bath 
(below —25°) The frozen mass plus ether supernatant was then placed 
m a 5° room foi 6 houis and allowed to melt At the end of this period the 
ether supernatant was decanted, fresh ethei was added to the residue, and 
the freezing procedure was lepeated The combmed ether extracts were 
then concentiated and the residue taken up m petroleum ether The 
isolation of the phospholipides by precipitation with acetone and MgCh, as 
descnbed m Section 1 precedmg, was then ^earned out 

3 Extraction of Steam-Treated^ Dehydrated Carrots at 55-60 ° — ^Freshly 
SCI aped carrots were cut mto shoes | mch thick, placed on ivire trays, and 
immediately thereafter exposed m a preheated steam box to live steam for 
5 mmutes The shces were then dehydiated at 60° for 10 to 12 hours The 
final matenal contamed less than 10 per cent water 

In order to extract hpides from the dehydrated carrots, it was found 
necessary to rehydrate them When the dried matenal was refluxed 
with alcohol-ether mixtures, ethyl ether, or petroleum ether, no measurable 
amounts of a hpide substance were extracted 

The dehydrated matenal was mixed ivith enough distilled water to 
brmg its water content to 20 per cent The uptake of water was complete 
m 2 to 3 hours The rehydrated carrots were first finely ground and then 
extracted four tunes mth a 3 1 alcohol-ether nuxture The extracts were 
combmed and the phosphohpides isolated after the maimer descnbed m 

Section 1 
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4 Extraction of Steam-Treated Carrots at 55-60 ^ — ^Fleshly scraped 
carrots were sliced and steam treated for 5 minutes As soon as the slices 
were cool enough to handle, they were finely ground and extracted exactly 
as described m Section 1 

Test of Extraction Procedure 

In order to determme the extent to which the phosphorus-contaming 


Table I 

Extrachon of Phosphorus-Containing Compounds from Raw and Steam-Treated ^ 

Dehydrated Carrots 


Fraction No 

! Extraction 

1 No 

Alcohol ether soluble P 

1 Petroleum ether soluble P 

i 


1 

Total P* 


Total j 
petroleum 
ether 
soluble P 

Total P* 



mg 

per cent 

mg 

per cent 

per cent 

I 1000 gra , raw 

I 

540 

85 

20 

59 

3 0 


II 

90 

14 

12 

35 

2 0 


III 

4 

1 

2 

6 

0 3 

II 250 gm steam- 

I 

270 

64 

15 

25 

4 0 

treated, dehy- | 

II 

70 

17 

4 

7 

1 0 

drated i 

Hit 

14 

3 

4 

7 

1 0 


IV i 

22 

5 

14 

23 

3 0 


vt 1 

34 

S 

22 

37 

5 0 


VI 

10 1 

1 

2 

1 

2 

0 5 


* The total phosphorus of the canot was found to be alcohol-ether>soIubie The 
residue obtained after the last extraction contained no significant amounts of 
phosphorus 

t Carrot residue from Extraction III rehydrated to 20 per cent water, then 
extracted 

t Carrot residue from Extraction IV was ground and then extracted 

lipides can be removed from the raw and dehydrated carrots, the following 
tests were earned out 

Three successive alcohohether (3 1) extracts of the raw carrots vere 
prepared after the manner described in Section 1 above The total phos* 
phorus content and the portion of this phosphorus soluble m petroleum 
ether were determined in each of these three extracts Phosphorus was 
determined by King’s method (14) The results are recorded m Table I 

The raw carrots used here contamed phosphorus to the extent of 0 65 
per cent of their diy weight, 99 per cent of which was soluble m a 3 1 al- 
cohol-ether mixture The residue obtamed after the three successi\e 
extractions described above contamed about 0 5 per cent of the imtial 
amount of phosphorus present in the raw carrot In addition, sapomfi- 
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cation of this residue jnelded less than 0 05 per cent “lipide” matenal 
These results leave httle doubt of the completeness of the extraction pro- 
cedure used for the raw carrot 

A small amount of the ra\\ caiiot phosphorus extracted b} a 3 1 alcohol- 
ether mixture is soluble m petroleum ethei It amounted to about 5 
per cent of the total phosphoms contamed m the carrot or about 0 05 per 
cent of the dry weight of the cairot 

Smce it could not be assumed that heat treatment had not altered the 
solubihty properties of the cairot lipides, the extraction procedure was also 
tested m the steam-treated dehydrated cairots Deh3drated carrot 
chips were rehydiated to bring their watei content to about 20 per cent, 
and then extiacted with 3 1 alcohol-ether Six successi\e alcohol-ether 
extractions were made, as described above, each succeedmg extraction 
bemg made on the carrot residue from the previous extraction These 
alcohol-ether extiacts ha\ e been designated Extinctions I to m Table I 
After Extraction III, the residue was lehydrated to bnng its water 
content to 20 per cent and the extraction continued The residue from 
Extraction IV was ground before proceedmg wnth the next extraction The 
phosphorus content was determmed on each alcohol-ether extract and on 
each petroleum ether extract pieparcd from them The values are re- 
corded m Table I 

The results obtamed show that the exi:raction procedure used for the 
steam-treated dehydrated carrot is satisfactory^ for the removal of phos- 
phorus-contaimng hpides The residue that remamed after six alcohol- 
ether extractions contamed about 2 per cent of the total phosphorus present 
m the fresh carrot Less than 0 1 per cent saponifiable matenal as found 
m this residue, and this consisted largely of colonng matter 

It IS agam evident that the phosphorus of the cairot soluble m petroleum 
ether is small m amount About 0 5 per cent of the diy \\ eight of the 
carrot was phosphorus, vhich was completely soluble m 3 1 alcohol-ether 
But the phosphorus soluble m petroleum ether amounted to only about 
0 07 per cent of its dry eight 

The amounts of petroleum ether-soluble, acetone-msoluble phosphorus 
(z e , phosphohpide) found m the various batches studied are recorded m 
Table II The percentages varied from 0 1 to 0 6 per cent of the diy weight 
of the carrot 

Characteristics and Composition of Petroleum Ether-Soluhle, Acetone- 
Insoluble Lipides of Carrot 

More than 90 per cent of the peti oleum ether-soluble phosphorus ob- 
tamed from both raw and dehydrated carrots was precipitated by acetone 
and MgCb Four reprecipitations failed to alter its phosphorus content 
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The isolated phospholipide was an amoiphous, almost pasty substance 
that was quite soluble m peti oleum ethev, ethyl ethei, and chloioform, it 
was insoluble m acetone and only slightly soluble m absolute or 95 pei cent 
alcohol The phospholipide obtamed from the dehydiated carrot was 
leadily emulsifiable by watei , that obtained from the law cairot was not 
The composition of the vaiious phospholipides extracted from carrots 
is shoira m Table III Choline was determmed by Click’s method (15), 
total mtrogen by the micio-Kjeldahl method, and iodine numbers by the 
Hanus method (16) The total glycerophosphonc acid content and the 
amounts of its a and d isomers weie deteimined by Burmaster’s procedure 
(17) The fatty acid content was obtamed as follows the sample was 
saponified with 0 5 N alcohohc alkali, the unsaponifiable matter extiacted 
with ethyl or petroleum ether, and the soaps acidified and extracted mth 

Table II 


Content of Phosphorus-Containing Lipides in Raw and Steam-Treated Carrots 
All values are expressed as per cent of dry weiglit 


Raw carrot 

Steam treated 
carrot 

Steam treated, 
dehydrated carrot 

Low temperature 
extraction 

Extraction at 55-60* 

Extraction at 
55-60* 

Extraction at 
55-60* 

Batch A 

Batch B j 

Batch C 

Batch D 

Batch E 

Batch E 

Batch F 

0 2 

0 2 1 

0 5 

0 4 

0 5 

0 6 

0 4 


ethyl or petroleum ethei , the fatty acids were then dned at 70° in vacuo for 
1 to 2 hours and weighed 

The difference m the mtrogen content of the raw and steam-treated 
matenal was not anticipated but, as may be deduced from Table III, can 
be accounted for, withm 10 per cent, by the difference in the choline 
contents of the two fractions The phosphoms-contairung lipides obtained 
from the raw carrots neie devoid of, oi low in, choline As uas to be ex- 
pected, theiefoie, the molal ratios of mtrogen to phosphorus were much 
lower foi the phosphorus-contammg lipides obtamed from the raiv than 
from the dehydiated carrot As shown by a study of lodme numbers, 
dehydration of the caiiots before their extraction reduced the unsaturated 
fatty acid content of the phospholipides The degree to which the raw 
cariot w^as divided before its extinction did not influence the composition of 
the phosphorus-contaimng lipides isolated 

It w as noted that a sugary matei lal w as associated with the phospholipide 
fraction of the dehydiated carrot which w as not obsen ed m the raw carrot 
This sugary matenal was mtunately associated with the fatty acid fraction 
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of the phospholipide and was extracted with the fatty acids So far it has 
not been possible to puiify this substance sufficiently for identification 
The impure material, however, gave quahtative tests (Molisch, Pehling) 
for a carbohydrate It also formed an osazone, which had a crystallme 
iorm similai to glucosazone Owing to difficulty m purification of the 
small quantity of osazone mvolved, a satisfactory melting pomt was not 
obtamed 


Table III 


Coniposiiion of Phosphotus Containing Lipides Isolated from Raw and 
Steam-Treated Carrot 


Constituent 

Rav? carrot 

Steam 

treated 

carrot 

Steam- 

treated, 

dehydrated 

carrot 

Low tempera- 
ture extraction 

Extraction at 55-^® 

Extraction 
at 55 60® 

Extraction 
at 55-60 

Batch , 
A 

Batch , 
B 




Batch E* 

Batch F 

Fatty acid, % 

58 

59 

60 

58 

66 

63 

59 

Phosphorus, % 

4 4 

5 2 

3 5 

3 0 

2 7 1 

3 2 

2 8 

Nitrogen, % 

0 43 

0 33 

0 64 

0 42 


1 3 

1 1 

Choline, % 

0 1 

0 

0 

0 


4 4 

4 2 

N P, molal ratio 

0 21; 

0 14| 

0 40 

0 3ll 

0 58 

0 89 

0 89 

Choline P, molal ratio 

0 

0 

0 

0 

0 05 

0 35 

0 38 

Glycerophosphonc acid, % 



11 6 

11 0 

15 3 

17 0 

! 13 5 

a-, % 



35 

34 



' 44 

/5-, % 



65 

66 



56 

Iodine No 

i 86 0 

1 90 0 

196 

il44 

59 

54 

38 


* These represent a umfonn lot of carrots that were analyzed at the same time by 
these two procedures 


DISCUSSION 

It IS sigmficant that the concentration of phosphorus, mtrogen, and 
fatty acids is lowei in the petroleum ether-soluble, acetone-insoluble fraction 
prepared from carrots than in identically prepaied fractions (phosphohp- 
ides) isolated fiom animal tissues^ Smce the petroleum ether-soluble, 
acetone-insoluble fi action isolated from steam-treated carrots contains 
fatty acids, glycerophosphonc acid, and choline, and smce, moreover, 
its molal ratio of mtrogen to phosphorus is close to umty, this fraction may 
also be considered a phosphohpide The sugaiy matenal found as- 
sociated vath the phosphohpide of the dehydrated carrot either as a con- 
taminant or as an integial part of the molecule accounts, m part at least, 
for its low content of mtrogen, phosphorus, and fatty acids 

2 Phoaphohpidea obtained from ammal tissues contain about 4 per cent phos- 
phorus, 2 2 per cent mtrogen, and about 70 per cent fatty acids 
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Judging from the molal ratios of mtrogen to phosphorus, or of cholme to 
phosphorus, recoided in Table III, the phosphorus-containmg hpide iso- 
lated fiom law cariots is not a typical lecithm or cephalm or sphmgomyelm 
or a mixtuie of these three phosphohpides The low mtrogen content 
and m particulai the low content of cholme m the fraction obtained from 
raw cariots suggest its smnlanty to compounds like the phosphatidic acids 
which have been obtamed from oat seeds by Tner (IS) and from cabbage 
leaves by Chibnall and Channon (19) The presence of small amounts of 
phosphatidic acids might explain the observed molal ratios of mtrogen 
to phosphorus of 0 89 for the fractions obtamed from steam-treated carrots 

In attemptmg to explam the isolation of two distinct t 3 q 3 es of phospho- 
hpides fiom the carrot, it is necessary to pomt out that the phosphohpide 
wth the higher cholme content was isolated fiom carrots that had been ex- 
posed to the temperature of hve steam before they were subjected to 
gnndmg and prolonged treatment with solvents at 55-60° It is therefore 
reasonable to assume that the one with the highei cholme content is the 
naturally occumng phosphohpide of the carrot and that enzymatic sepa- 
ration of its cholme durmg the grmdmg and prolonged extraction procedure 
accounts for the phosphohpide bemg devoid of, or low m, cholme Hence 
it IS postulated that there exists m the raw cariot an enzyme, probably a 
lecithmase, capable of sphttmg cholme from phosphohpides 

The suggestions of Dr C Entenman and Dr Gordon Mackmney in the 
preparation of this manuscnpt are gratefully acknowledged 

smviaiARr 

1 The isolation, charactenstics, and composition of phosphorus-con- 
taming lipides from raw and steam-treated carrots are descnbed It is 
shown that phosphorus-containmg lipides can be completely ex^tracted from 
carrots with alcohol-ether mixtures 

2 The phosphorus-containmg lipide isolated from the raw carrot was 
characterized by a low mtrogen content and by an absence or low content 
of cholme, that isolated from the steam-treated carrot wns higher m its 
chohne and mtrogen content 

3 An explanation of the isolation of the two types of phosphorus-con- 
taimng lipides from carrots is presented It is postulated that the raw 
carrot contains an enzyme, probably a lecithmase, able to split choline 
from phosphohpides 
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The mechanism by which alloxan destroys the insulm-producmg pan- 
creatic islet cells, thus causing diabetes, has so far remained obscure One 
approach to this question is the determmation of the chemical specificity 
of the effect Earher studies (1, 2), involving a small numbei of rather 
randomly selected compounds, failed to disclose any new active agents 
2 years ago, an mvestigation of a largei senes of alloxan homologues and 
related compounds was begun at this laboratory It could be shown (3) 
that, m addition to alloxan, methylalloxan and the coiiesponding alloxan- 
tins and dialuiic acids are diabetogemc, some of these findings have since 
been confirmed mdependently by Laszt (4) and Hidy (5) The full report 
of our study which now compuses twenty-mne compounds, among them a 
number of new alloxan homologues, is heremth subnutted, together with an 
investigation of the possible lole m the production of diabetes of two 
chsLractenstic reactions of alloxan, ammo acid and glutathione oxidation 

EXPEREVIENTAL 

Methods 

Preparation of Compounds — ^Previously pubhshed methods haxe been 
followed as mdicated, sometimes vnth slight modifications The punty 
of the preparations v as checked b}^ then meltmg pomts, and in some cases 
also by mtrogen analysis The synthesis of the new compounds propyl-, 
butyl-, isobutyl-, phen3d-, and benzylalloxan and of their mtermediates 
will be described elsewhere ^ 

Testing of Compounds — white rats, weighing between 80 and 130 
gm were used, they were fed on whole wheat \nth ample additions of 
vegetables and occasional supplement of bread and bran The substances 
tested were m3ected mtravenously, usually m the form of a freshly pre- 
pared 1 per cent solution On the basis of expenence with nearly 400 al- 
loxan-treated rats, the follovung method of interpretation of the results 
has been adopted A rat was considered to be strongly diabetic if full 
glucosuna (more than 1 per cent glucose) occurred within 24 hours after m- 

1 Bruckmann, G , and Isaacs, S D , to be published 
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received doses from 45 to 78 mg pei kilo, mostly vith ammonium chlonde 
Eleven survu ed for more than 1 day, but none developed cleai cut diabetes 
One died after 24 hours with a teiTnmal blood sugai of 300 mg pei cent and 
slight glucosuiia Teimmal blood sugai values must, ho\\e\er, be m- 
terpieted vith gieat caution, since thej aie fiequently elevated by im- 
specific factois One lat sumved o\er 15 da^s and excreted dunng the 
first 3 days mine v ith small amounts (0 5 to 1 0 pei cent) of glucose This 
case is suspicious of slight diabetes Uiemia, alburmnuna, and anuna 
were observed 

Isobuiylalloxan^ — The iso compound appealed to be some^^hat less toxic 
than the n isomei , but agam no clear cut diabetes could be produced Nine 
lats \\eie given 45 to 100 mg pei kilo, thiee of them receued sunulta- 
neously ammomum chlonde Six siuvued foi o\ei 1 day One had a 
blood sugar (single exammation) of 200 mg pei cent, but no glucosuna, 
another slight glucosuna (0 5 to 1 0 pei cent) foi 2 da} s, and 200 mg per 
cent of blood sugai As in the case of butylalloxan, the possibility exists 
that this compound causes slight impaiiment of caibohydiate metabolism, 
but no complete neciosis of the islet cells which w ould lesult m the de\ elop- 
ment of tiue diabetes 

Phemjlalloxan^ — By mtioduction of the phenyl gioup a practically non- 
toxac compound was obtamed, nhich was even less toxic than alloxan itself 
Eaily symptoms appeared only with 300 mg pei kilo, and doses up to 
500 mg pel kilo weie toleiated for moie than 1 day Of thiiteen rats 
vhich received between 120 and COO mg per kilo (together wnth am- 
momum chlonde m seven) none shoi\ ed signs of diabetes, but a few had 
shght uremia 

Benzylalloxan^ — ^This substance vas about as toxic as eth3dalloxan 
Thirteen of mneteen animals injected wnih 50 to 100 mg pei kilo (pait 
of them vnth NH4CI) smxuved foi moie than 24 houis As m the case 
of phenylalloxan, no dubious diabetes was encounteied, therefore it seems 
safe to conclude that this compound is non-diabetogemc m the dosages 
tned Model ate uiemia and albuminuria v ere agam present 

RN—CO 

I I 

Di-N-Subshtuted Alloxans, OC CO 

I I 

RN—CO 

Dtmelhijlalloxan, Piepared from Caffeine (£>)— Thiity lats leceivedfiom 
40 to 250 mg pei kilo, a few of them ammonium chlonde, simultaneously 
As alieady reported (3), the compound is veiy toxic, mitial symptoms ap- 
peared with the longest doses, and only ten of the animals survived doses up 
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to 80 mg per kilo foi moie than 1 day None of them showed signs of 
diabetes Kidney damage, on the other hand, seemed to be more pro- 
nounced than with, the monosubstituted alloxans, since each of six rats 
exammed had severe uiemia and frequent albummuna Dimethylalloxan 
is non-diabetogemc also by the subcutaneous route, as has recently been re- 
poited by Hidy (5) We found the substance also very toxic for cats, 
rabbits, and mice 

Mcthylethylalloxan, Prepared accoidiiig to Btilmann and Berg (12 ) — Of 
nine rats mjected with 50 to 90 mg per kilo, together with ammomum 
chloride, only two survived, they showed no signs of diabetes The early 
symptoms and kidney damage were similar to those observed with di- 
methylalloxan 

Methylpropylalloxan — This was prepaied from the previously known 
dimethyldipropylalloxantm (13) by oxidation with mtnc acid, m p 92°, 
easily soluble in water On injection it proved to be the most toxic of this 
group Of eleven rats given doses up to 60 mg per kdo (with NH4CI) 
five survived, but did not become diabetic As m the case of the other 
disubstituted alloxans, severe uremia developed m lats which died more 
than 24 hours after mjection 


Dialunc Acids,* 


RN—CO 

oc 

I I 

RN—CO 


Dialunc Acidy Prepared according to Biltz and Damm (14 ) — As already 
reported (3), we had no difficulty in eliciting diabetes with this substance 
at dosages fiom 50 to 150 mg per kilo In the first experiments solutions 
weie prepared simply by heatmg the substance m water Attention has 
been drawn, however, to the high autoxidizabihty of dialunc acid (15), and 
Lazarow has expressed the view that our positive results might have been 
due to the presence of alloxan formed by autoxidation of dialunc acid (16) 
We have theiefore repeated the tests, using this time an -free water imder 
an atmosphere of CO2, as advocated by Archibald (15) In addition, 
dialunc acid and alloxan v ere determmed m the solutions by Archibald's 
method (1 eduction of phosphotungstic acid vithout and vith the addition 
of potassium cyamde) before and aftei injection In four of six rats given 
doses of 60 to 70 mg per kilo typical diabetes, sometimes with ketonuna, 
developed Since the alloxan content of the solutions corresponded to only 
about 20 mg per kilo, an amount which does not m itself cause diabetes, 
there can be no doubt that the active agent is dialunc acid Dialunc acid 


* In dialunc acid the two R groups are hydrogen atoms 
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diabetes has also been produced recently by Laszt (4), previous workers, 
on the other hand, reported negative lesults with this substance (1, 2) 

The folloiving observation makes it seem probable that mjected dialunc 
acid IS quicldy oxidized in vivo to alloxan, and suggests that positive tests 
with this substance do not bear on the specificity of the alloxan effect Blood 
drawn immediately after injection appealed very dark, and showed on 
spectroscopic exammation increased amounts of reduced hemoglobm 
In vitro, the spectrum of oxyhemoglobm disappeared almost mstantly when 
hemolyzed bloOd was incubated with dialunc acid 

Monoinethyldialuric Acid, Prepared according to Biliz and Dainin (14 ) — 
Smce tins substance is easily soluble m cold water, the nsk of autoxidation 
is smallei than m the case of dialunc acid Four lats were mjected with 
doses from 40 to 130 mg per kilo, and two of them developed typical 
diabetes As ivith dialunc acid, reduction of oxyhemoglobm was obser\'’ed 
in blood samples Again, therefore, the actual diabetogenic agent seems 
to be formed through oxidation of methyldialunc acid to methylalloxan 
by blood hemoglobm 

Dimethyldialuric Acid, Prepared according to Biliz and Danini (14 ) — We 
failed to isolate the very unstable free acid, and the more stable sodium 
salt was theiefore used The physiological properties of this substance 
seem to be identical wth those of dimethylalloxan, diabetes was not pro- 
duced m any of seven rats which received from 50 to 80 mg per kilo 
Again, hemoglobin was readily reduced both in vitro and in vivo 

(H or R)N—CO OH H CO~N(H or R) 

( f/ \( ( 

Alloxantins, 00 C 0 C CO 

I i II 

HN—CO CO~NH 

Since alloxantms are known to dissociate in aqueous solutions mto al- 
loxans and dialunc acids (17), each diabetogemc, it is to be expected that 
these substances will have the same effect as the alloxans This proved to 
be the case with alloxantm, dimethyl- and diethylalloxantm, which ap- 
peared physiologically identical vnth the conespondmg alloxans, and like 
the latter produced diabetes Theiefore details need not be given, the 
methods of preparation have been cited (see the correspondmg alloxans) 
Goldner and Gomon (1) reported alloxantm to be inactive, but Koref et al 
(18) found it to be diabetogemc in labbits 

Substitutions in Cs Position in Alloxan Molecule 

1 

The most reactive group m the molecule is the central CO group, or 
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more correctly its hydrated form C Results of pievious mvestiga- 

tions have mdicated that substitution in this position abolishes the physio- 

1 1 

logical activity of alloxan Barbitunc acid, CH 2 , violunc acid, C=NOH, 


1/ 

and uramil, C 

i\ 


, have been found inactive (1 ,2) We have now confirmed 


these findmgs by intravenous tests on rats Since uramil is only spanngly 
soluble, the more soluble N-methylurarml (14) was tried, but gave no better 
results Even a minor modification of the structure, such as the esterifi- 
cation of one OH group, as in benzoyl-N-methyldialunc acid 


prepared accordmg to Nightmgale (19), rendered the compound mactive 

Compounds Giving Strecker Reaction 

Abihty to decarboxylate and desammate a-ammo acids, with subsequent 
formation of an aldehyde ivith 1 less carbon atom, is one of the better 
known properties of alloxan This reaction, which is named after its 
discoverer Strecker (20), is also given by a number of compounds which are 
structurally related to alloxan Investigation of this group was therefore 
deemed of interest 


Ninhydrin, 


-VUs 

yCO — Fouiteen rats were mjected inth doses 

-CO/ 


langmg from 30 to 120 mg per kilo The high acute toxicity of mnhydrm, 
which had been observed by its discoverer Ruhemann (21), could be lowered 
by slowing up the mjection rate Doses up to 60 mg per kilo, given m 
this way, were tolerated for more than 2 days The early symptoms re- 
sembled those produced by the more toxic alloxans, and pulmonary edema 
was found at autopsy, kidney damage, how'ever, as judged b} albummuria 
and urenua, was less pronounced than m the alloxan senes As has al- 
ready been reported (3), mnhydrm did not cause diabetes Hidy (5), 
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Avho administered the substance mtrapentoneally, has recently confirmed 
this finding 


1 ,8-Mesoxahjlnaphthalene,^ 


— CO- 



^(70— This compound proved 


less toMC than mnhydrm, but was slightly soluble, and no more than 50 
mg per kilo could be mjected The substance gave a very mtense Strecker 
reaction, perhaps moie so even than nmhydiin, but failed to produce 
diabetes, even on repeated injection 

CO 


Isatzn^ 




yCO — ^Because of the high insolubihty of isatm, 

only a few injections with oversaturated solutions succeeded Doses of 
50 to 80 mg pel kilo produced neithei diabetes nor toxic symptoms 

1 ,^-Naphtlioqmmne-^-sidfomc Acid {Sodtum Salt), j 

' W 

SOsNa 

This was the only substance outside the alloxan senes which produced 
some disturbance in caibohydrate metabohsm Unfortunately, the 
toxicity of the compound is consideiable, and doses highei than 150 mg 
per kilo were not toleiated for more than 1 day Lung and kidney dam- 
age, as judged by the presence of pulmonary edema and uiemia, were 
promment Twenty-nme lats weie mjected with from 80 to 180 mg per 
kilo, SLxteen of them leceived ammonium chloiide simultaneously Of 
the entire group, twenty survived the 1st day The chief eaily symptom 
was respiratory trouble, associated with severe cyanosis The blood 
became dark brown and remained so foi days Spectroscopic examination 
showed the presence of methemoglobm, this pigment was also produced 
tn vitro upon addition of the drug to blood 

While no case of clear cut diabetes was encountered, a numbei of lats 
showed signs of impaired carbohydrate metabolism Rat 25 on the 2nd 
day voided urme with 1 5 per cent glucose, then for a few days mine with 
traces of glucose, and afterwards became normal Rat 17 showed on the 
3rd day a blood sugar of 307 mg per cent, but no glucosuria Intiavenous 
glucose tolerance was normal Rat 18 excreted urme contammg about 0 5 
per cent glucose and showed on the 3rd day a blood sugar level of 248 mg 

* Kindly supplied by Professor A Schonberg, Fuad I University, Cairo 
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per cent Three other rats excreted sometimes traces of sugar m their 
urme and died aftei 2 days with terminal blood sugars of 200, 316, and 560 
mg per cent respectively The doubtful sigmficance of teimmal blood 
sugar has already been noted A rabbit received 120 mg per kilo mthout 
development of diabetes mthm 6 days We must thus conclude that, while 
the substance cannot be considered diabetogemc m the doses employed, 
the possibility exists that it may be potentially diabetogenic with higher 
doses 


0 


R)iodizo7itc Actd, 


0 = 


-OH — ^This cyclic tetraketone is listed here 
-OH 


0 


because of its remote structural lelationship to alloxan, although it gives 
no Strecker reaction Smce it proved to be non-toxic, amounts as high 
as 400 mg per kilo could be mjected mthout visible effect 


Diabetogenic Action and Strecker Reaction 

The results which have been reported so fai make it improbable that the 
islet effect of alloxan can be related to the Streckei reaction Accordmg 
to determmations of Chargaff and Bendich (22), the potency of mnhydiin 
IS about 8 times and that of l,2-naphthoqumone-4-sulfomc acid 4 tunes 
that of alloxan, as judged by the rate of decomposition of alamne How- 
ever, the possibility had to be considered that these compounds fail to 
cause diabetes because of very rapid destruction m the blood stream The 
ninhydrm content of the pancreas was therefoie determined by a modifi- 
cation of Bruckmann^s (23) alloxan method Half a mmute aftei the in- 
jection of 140 mg per kilo a concentration of about 30 mg per cent was 
found m the pancreas This is even more than the alloxan content of 
pancreas after alloxan mjection 

Another approach to the problem is suggested by the iact that m the al- 
loxan senes itself some homologues are diabetogemc, while others are not, 
this invites a comparison of physiological activit}^ ^ylth amino acid 
oxidation To measure the latter, the rate of the formation of murexide, 
an end-product of the interaction of alloxan and ammo acids (24), was 
followed This method was used, as the Van Slyke techmque (25), for 
measuring CO> as end-product of the reaction of n\nh> drm with ammo 
acids, IS not apphcableto some of the alloxans, for the reason that they 
decompose vnth CO 2 formation at 100® 1 cc of phosphate buffer of pH 

7 2, contammg 20 mg of glycine, was mixed at zero time mth 0 1 
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lELM of the \ anous alloxans in 1 cc of water, and the development of the 
led muiexide color was measuied at inteiwals in the Puhncli photometer, 
Filtei 470 mja (Fig 1) The extmction values v ere not exactly reproducible 
from day to day, but the same oidei of intensities was always obtamed with 
the vaiious compounds, vaiiation of pH or leplacement of glycine by 
alamne did not altei this oidei The cuiwes m Fig 1 are constructed from 
the average i allies of thiee or four sets of experiments Comparison 
of the extmction values aftei 30 rmnutes leveals the following activities, 
relative to alloxan as 1 0 butylalloxan 0 SI, propjdalloxan 0 66, methylal- 
loxan 0 50, ethylalloxan 0 41, benzylalloxan 0 30, and dimethylalloxan 0 18 



Fig 1 jMurexide formation from glycme (20 mg ) by various alloxans (0 1 nni)j 
pH 7 2 Ordinate scale, extinction (530 m/x) Cun^e 1 , alloxan, Curve 2, butylal' 
loxan, Curve 3, propylalloxan, Curve 4, metliylalloxan, Cur\e 5, ethylalloxan, 
Curve 6, benzylalloxan. Curve 7, dimethylalloxan 

Phenylalloxan ga^e piactically no muiexide coloi The physiological ac- 
tivities, calculated fiom the EDso values leported above, are as follows 
allovan 1 0, meth^dalloxan 0 93, eth3dallo\an 0 79, while propyl- and butyl- 
alloxan, which give an intense Stieckei leaction, are only weakly diabeto- 
genic 01 entiiely inactive Theie seems, theiefore, to be no correlation 
between the Strecker reaction and islet damage 

Ti\o by-products of the Stiecker leaction, a deiivative of uramil (diu- 
ramil) and a ‘heducmg substance” having the elementary formula 
CqHuOtNs, have been isolated by Hurtley and Wootton (24) Both com- 
pounds, when tested by us on lats, vere found to be mactive The fact 
that murexide itself does not cause diabetes has already been reported (3) 
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Diabetogenic Action and SH Oxidation 

Even before the discovery of the diabetogenic action of allovan, the high 
affinity of ‘this compound for SH groups was emphasized (26, 27) In 
view of the demonstration that the mode of action of an increasing numbei 
of phaimacologically active substances depends on oxidation of SH gioups 
m enzymatic and non-enzymatic processes, it is not surpiising that at- 
tempts have been made to explam the alloxan effect on pancreas on this 
basis Experimental evidence for this theory has been advanced by Leech 
and Bailey (28), who observed a rapid decrease in blood glutathione m 
rabbits after diabetogemc, sometimes smaller, doses of alloxan The 
restoration of the glutathione level to normal took se\ eral hours Similar 
observations were earlier reported, without comment, bj'- Eckert et al (29), 
but appear to have been overlooked Lazarow (16) has recently shown 
that the diabetogemc effect of alloxan is prevented by a simultaneous m- 
jection of 10- to 30-fold amounts of glutathione or cysteme, he does not 
thmk that this antagomstic action is due simply to decomposition of al- 
loxan m the blood stream by these substances 

To obtam more evidence on this question, we repeated the experiments 
of Leech and Badey (28), usmg rats The glutathione content of blood 
and tissues was deteinuned by a modification® of Fujita’s (30) method 
The occurrence of a sharp drop m blood glutathione 2 to 5 minutes after 
mjection of 60 to 70 mg per kilo of alloxan was readily confirmed Con- 
trary to reports by De Caro and Rovida (31), the reduced glutatluone con- 
tent of organs shoned no change m the same conditions (see Table I) 

® For the deternunation of reduced glutathione in small samples of 6foodf, 0 3 to 
0 5 cc of freshly drawn blood is placed m a centrifuge tube containing 1 cc of nater 
and a little saponin When hemolysis is completed, 2 5 cc of 3 per cent metaphos 
phone acid and about 1 5 gm of solid sodium chloride are added, and the mixture 
shaken and after a few minutes centrifuged To 2 cc of the filtered supernatant are 
added 1 cc of saturated sodium chloride, 0 5 cc of a freshly prepared solution of 

0 1 gm of sodium mtroprusside in 10 cc of 0 4 per cent ammonium sulfate, and 0 7 
cc of 25 per cent sodium carbonate (10 per cent, aqueous) The mixture is quickly 
transferred to a photometer cuvette of 0 5 to 1 cm width and read within 1 minute at 
500 to 530 m^ For tissues y 0 2 to 0 5 gm of freshly excised or CO -frozen tissue are 
extracted in a small mortar with 2 5 cc of 3 per cent metaphosphonc acid, about 

1 5 gm of sodium chloride, and 1 cc of water The mixture is transferred to a 
centrifuge tube, and the centrifugate treated as abo\e \ reagent blank is run, in 
which the 2 cc of extract are replaced by 2 cc of 2 per cent metaphosphonc acid 
saturated with sodium chloride ^Vhen no more than 8 imiudcs elapse between the 
preparation of the mtroprusside solution and the addition of sodium carbonate, this 
method yields colors of good intensity, stable for at least 1 minute, and little affected 
by temperature Beer^s law is stnctly valid Speed is unnecessary in the interme 
diate steps of the method, since metaphosphonc acid extracts can be left for 1 to 2 
hours at 4“ without loss of glutathione 
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COi-fiozen samples, analyzed immediately after extiipation under urethane 
narcosis, weie used throughout The figures for normal rats i\eie m good 
agieement mth those lepoited by other mvestigatois 
The fact that ninhydiin, a non-diabetogemc substance, causes an even 

Table I 


Reduced Glutathione in Normal and in Alloxan- and Ninhydnn-Injected Rats 
All values m mg per 100 gm Time of sampling after injection, blood 2 to 5 
minutes, pancreas 4 to 9 minutes, kidney 9 to 10 minutes, liver 10 to 11 minutes 


Rat No 

Blood 

Pancreas 

Kidney 

Liver 

Normal rats 

1 

1 55 



118 

2 

27 

60 

134 

118 

3 

36 

53 

112 

202 

4 

52 

71 

113 

225 

5 

29 

56 

92 

201 

6 

1 

22 

62 

95 

188 

Average 

37 

60 

109 

176 


Alloxau-injected, 60-80 mg per 

kilo 



Before 

After 

! 



1 

29 

18 

71 

140 

275 

2 

59 1 

41 i 

66 

124 

220 

3 I 

43 

10 

75 

Si 

250 

4 1 

29 

22 

97 

75 

107 

5 

54 

34 

87 

107 

230 

6 

47 

1 59 

71 

135 

182 

7 

50 

27 

62 



8 

41 

9 




9 

32 

5 




Average 

43 

25 

75 

111 

210 

Ninhydrin-mjected, 50-80 mg per kilo 

1 

51 

18 

64 



2 

28 

4 

82 



3 

45 

0 

82 
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more rapid disappearance of reduced glutathione from the blood than al- 
loxan (Table I) throivs doubt on the significance of change m blood gluta- 
thione as a cause of islet damage Apait from ninhydrm, two othei non- 
diabetogemc compounds, butyl- and benzylalloxan, were found to produce 
a sharp drop m blood glutathione 
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DISCUSSION 

The available evidence shows clearly that an intact pymmdme nucleus 
IS essential foi diabetogenic action Activity is'abohshed by substitution 
of the alloxan molecule at any position elsewhere than m one immo group ^ 
But even m this site substitution, if , as m the case of butylalloxan, carried 
beyond a certain length of side chain, renders the compound inactive The 
inactivity of substances like dtmethylalloxan, m which both NH groups are 
substituted, may be due to a lack of an lonizable hydrogen atom m such 
compounds (Hid^^ (5)) Smce such agents pioduce pronounced kidney 
injury, it is cleai that islet and kidney damage is not due to the same 
mechanism 

No systematic study of the toxicology of this senes has yet been under- 
taken Piesent comment will be limited, therefore, to the remark that the 
observed coirelation of toxicity with mcxeasmg length of side cham accords 
With common pharmacological expenence Most of the observed early 
symptoms can be i elated to respiratory impairment, which m turn is caused 
by severe damage to the lung capillaries, leadmg to hemorrhage and edema ^ 
It becomes moie and more evident that the toxic action of alloxan is not 
confined to the panel eatic jS-cells Kidney and lung damage are hkewise 
promment, particularly in the case of the higher alloxan homologues A 
number of authois have lepoited the production of lesions m vanous other 
organs by alloxan (32-38) 

On the assumption that islet necrosis is a direct effect of alloxan as such, 
this view being strongly supported by the histological evidence (see the 
excellent review of Duff (39)), several modes of action for alloxan can be 
considered 

1 Selective accumulation m toxic amounts of the drug by the /S-cells 
This possibility will be difficult to prove expenmentally, smce m mammals 
the /^-cells comprise less than 0 5 per cent of the pancreas It has been 
found by us that after alloxan mj action the concentration of the latter is 
lower m pancieas than m h\er or kidney, this doSs not, hovevei, dispose 
of the possibility that the ding is at a high concentration m the islets 
themselves 

2 Competition mth a structuially similar compound for an enzyme 
with resultant disorgamzation of the cell metabolism and eventual dis- 
integration of the cell structure This is a highly speculative but at present 

Substitution m the C. position has not yet been tried, ne have been unable to 
synthesize 2-thio- or 2-inimoallo\an (Bruckmann and Isaacs, unpublished) 

® In our first communication (3) we ba\e expressed the vieu that the imtial symp- 
toms might be caused by vagus stimulation This interpretation is not, however, 
supported by pharmacological findings which ha've since been made in this labor 
atory 
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a very popular explanation of ding action A substrate similar to alloxan is 
not known in the mammalian organism Moreover, the substitution of a 
piopyl group in the small molecule of alloxan must involve a considerable 
steiic alteiation, yet, as shown, the lesullmg compound is diabetogemc 
If the claim of Shaw -Dunn et al (40), that a st 3 uylqumoliue has the same 
effect as alloxan, is coiroboiated, oi if it should be possible to demon- 
stiate, b}" histological examination, that 1 ,2"naphthoquinone-4-sulfoinc 
acid causes some islet damage, the competition theoi 3 ^ w ould have to be 
abandoned 

3 Specific reaction of alloxan m the islet cell with or without a specific 
accumulation Such a reaction would piobably consist in the inactivation 
of an enzyme system, which can be expected to be intimate^'’ coiiceined 
wuth insulin synthesis, appaiently the only specific function of the /5-cells 
Lazaiow (16) has expressed the view that inactuation of SH gioups of 
enzyme pioteins could account foi such an effect In view of oui dem- 
onstiation of a large glutathione lesenc m the pancieas nftei alloxan 
injection, theie is reason to considei that any oxidized SII group would 
quickly be regeneiated by glutathione As is shown by our stud 3 ’’ of blood 
glutathione, SH oxidation is a relativel 3 '' unspecific propeit 3 q and we shall 
have to look for moie specific reactions to explain the mode of action of 
alloxan 

As demonstrated above, the Stiecker leaction, too, can scarcely be held 
responsible for that action The fact that the Stieckei reaction requires 
many hours foi completion, wheieas alloxan damage is histologically dem- 
onstiable 5 to 15 minutes aftei injection (39), is an additional aigiunent 
against that view 

The mam difRculty m the elucidation of the mode of action of alloxan 
lies m our lack of knowledge of the specific biochemical processes of the 
target tissue, the islet It is safe to pi edict that piogiess here would also 
throw light on the mechanism of insulin synthesis 

SUMMARY 

A number of alloxan homologues and i elated compounds have been ad- 
mmistered by mtiavenous injection to lats, wath the following findmgs 

1 N-Methyl-, ethyl-, and propylalloxans are diabetogemc, wheieas 
higher N-substituted alloxans are not 

2 Alloxantin, dimethylalloxantin, diethylalloxantm, and dialiuic and 
methyldialunc acids aie hkewnse able to cause diabetes These substances 
seem to be lapidly oxidized m the blood to coriespondmg alloxans 

3 Substitution of alloxan in both immo groups, or m the Cs position, 
abolishes its diabetogemc effect 

4 While the diabetogemc activity of the monosubstituted alloxans de- 



BRtJCKMANK AND WERTHEEVIER 


255 


cieases with mci easing length of the ahphatic side chain, the acute toxicity, 
caused chiefly by damage to the lung capillanes, increases The mtro- 
duction of an aiomatic side chain results in a distmct fall m toxicity 
ludney lesions, as indicated by uremia, albuminuna, and anuna, aie 
caused both by diabetogenic and non-diabetogemc compounds of this 
senes 

5 A number of substances which give a strong Strecker reaction (de- 
amination and decarboxylation of ammo acids) are meffective m mducmg 
diabetes 1 ,2“Naphthoqumone-4-sulfome acid produces some disturbance 
of caibohydiate metabolism, but not true diabetes 

6 The diabetogemc potency of alloxan and some of its homologues, as 
expiessed m teims of the effective dose 50, is not correlated with the 
Strecker reaction of these compounds (rate of murexide formation from 
ammo acids) 

7 Alloxan and some non-diabetogemc compounds cause a lapid fall 
in blood glutathione, but fail to affect the glutathione content of pancreas, 
liver, and kidney This is taken as evidence agamst the view that alloxan 
diabetes depends on SH oxidation 

Mechamsms by which alloxan may damage the pancreatic islet cells 
are discussed m the light of these findmgs 

We wish to acknowledge with thanks the skilful technical assistance of 
]\Ir M Chaimowitz throughout this study 
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THE INHIBITORY ACTION OF NAPHTHOQUINONES ON 
RESPIRATORY PROCESSES 


By eric G ball, CHRISTIAN B ANFINSEN, and OCTAVIA COOPER 
{From the Department of Biological Ckermstryj Harvard Medical Schoolf Boston) 

(Received for publication, January 14, 1947) 

The fiist observation that ceitam 2-hydroxy-3-alkyInaphthoqumones 
e\eit an inlnbitoiy action on respiratory processes was made by Wendel 
(19) durmg a stud}" of the action of these compounds on malanal paiasites 
Wendel found that the lelative effectiveness of these compounds in inhibit- 
mg the lespiration of malanal paiasites %n mtro paralleled their ability to 
suppiess malana m animals Our interest m these observations was 
aioused thiough oui waitime collaboiation vnth Di L F Fieser and his 
group, who were engaged m the synthesis and study of these naphtho- 
qumones as potential antimalarial drugs The discovery of Wendel sug- 
gested that these naphthoqumones might be general lespiiatory poisons 
and that a simple oxidative enzyme system might be found which was in- 
hibited by them If this weie so, it was leasoned that such an enzyme 
system might be employed to determme the relative potency of new naph- 
thoqumone deiivatives, and thus seive as a relatively simple screenmg test 
foi the prompt guidance of the oigamc chemist synthesizmg these com- 
pounds 

We piesent data heie to mdicate that ceitam 2-hydioxy-3-alkylnaph- 
thoqumones aie very potent general lespiratoiy poisons and that they 
act just below cytochiome c m the cham of lespuatoiy enzymes The 
succmate oxidase S3"stem is completely mhibited by certam of these com- 
pounds at concent! ations as low as 3 X 10”*^ m The use of this enzyme 
system for testmg the possible antimalarial activity of these drugs has been 
exploied m Di Fiesei laboi atones and will not be dealt with heie 

EXPERIiUENTAU 

The various naphthoqumones employed were kmdl}" supplied by Dr 
L F Fieser or Di M T Leffler, or were those used by one of us m previous 
studies (4, 5) In all cases, a weighed amoimt of the compound was dis- 
solved m absolute alcohol Aliquots of the alcohohc solution were then 
evaporated to diyness on the winter bath, and the residue dissolved m a 
drop or tw"o of 0 1 n NaOH and made up to the desired concentration with 
isotonic NaCl solution or with w^ater All concentrations of the drugs re- 
poited here are m terms of the concentration m the final enzjme or cell 
test system 
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Unless othenvise stated, the vaiious o\idative leactions ^\eie measured 
mth the conventional Waibuig manometiic oi Thunbeig tube methods 
When the manometnc pioceduie was used, the amounts of cellulai oi 
enzyme material weie so adjusted that the late of oxygen consumption m 
the contiol usually fell m the range 80 to 150 c mm pei houi A solution of 
the naphthoqumone was added mitially to the main chambei of the vessel, 
or was dumped from its side aim duimg the expeiiment 

Succinate oxidase was prepared fiom heait muscle by the following pio- 
ceduie ^ Flesh beef heart was thoioughly mmced and 50 gm weie well 
mixed with 200 cc of ice-cold watei This suspension was then blended m 
a Waring blendor for 2 mmutes at a tempeiatuie of 4-6° to form a heart 
homogenate This homogenate was centiifuged foi 10 minutes m the 
cold and the clear red supernatant discarded This lesidue was next 
thoroughly mixed wuth 200 cc of an ice-cold extinct of heart muscle (pre- 
pared by heatmg to boihng a 50 gm portion of mmced heart muscle sus- 
pended m 200 cc of watei and filteimg) The resultmg suspension was 
then centiifuged m the cold and the cleai, slightly red supernatant again 
discarded If w^atei oi salt solutions are used m place of a heait muscle 
extiact foi waslung at this stage, turbid supernatants are obtained with a 
consequent loss m enzyme The insoluble residue was next w^ashed with 
200 cc of cold w^atei and centiifuged The lesidue, wdnch was now" piic- 
tically free of hemoglobm and myoglobin, w"as then blended m the Waimg 
blendor foi 30 seconds mth a volume of ice-cold 0 1 :m NaoHPO^ sufificient 
to give a total volume equal m amount to that of the ongmal heart homog- 
enate This suspension upon the addition of cytochrome c showed on the 
average 95 pei cent of the activity of the ongmal heart homogenate Tbs 
final suspension was centiifuged foi 10 mmutes and the slightly tuibid 
supernatant Avhich contamed appioximaiely 50 pei cent of the total enzj^me 
was employed as the enz3"me solution A G-fold concentration of the 
enzyme is effected by this proceduie 

This prepaiation may be i educed to the diy state if it is lapidly fiozeu 
and desiccation earned out under vacuum fiom the ice phase Some loss in 
activity is encounteied by this pioceduie, but the diy pow"dei so obtained 
remams active for weeks if it is kept diy and stoied m the cold Caie must 
be exeicised m leconstitutmg a suspension fiom the diy pow"der to foim a 
thick smooth paste befoie dilutmg to volume 

The enzyme system ivas buffeied with 01 m phosphate buffeis Cyto- 
chiome c, piepaied according to the pioceduie of Keihn and Hartiee (U)) 
w'as added m sufficient quantity to msure satmation of the system ivith this 
component Sodium sucemate at a final concentration of 0 015 m was em- 
ployed as substrate 

1 Ball, E G , and Ormsbee, R A , unpublished data 
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The succinate oxidase pieparation was also used as a source of cjdochrome 
oxidase and succinate dehydiogenase Cytochrome oxidase activity was 
measured m the same way as succinate oxidase activity, except that 
p-phenylenediamme oi hydroqmnone was used as substiates Succmate 
dehydiogenase activity was measuied by the usual Thunbeig tube tech- 
nique, or manometrically , as will be described m presentmg the experimental 
lesults 

Red blood cells, eithei paiasitized or noimal, wexe obtamed from our own 
colony of monkeys (3, 9) ^Ye used 1 cc of blood and 1 7 cc of an isotonic 
phosphate-Locke’s solution m each Warburg vessel (13) The phosphate- 
Locke's solution has a pH of 7 3 and the following composition KH2PO4 
0 011 H, Na2HP04 0 044 m, NaCl 0 070 m, KCl 0 005 M, CaCb 0 001 u 

The lespuation of yeast cells was measmed on a suspension of cells made 
fiom a Fleischmann yeast cake with glucose or lactate as substrate The 
phosphat e-Locke's solution described above was employed as suspendmg 
medium 

Livei shces fiom rabbit 01 monkey hver \sere also suspended m phos- 
phate-Locke's solution Glucose agam served as the substrate 

Results 

A compaiison of the inhibitory action of slx different hydroxynaphtho- 
quinones on vanous respuatoiy systems is afforded by the data given m 
Table I The six compounds hsted theie differ m structuie only m the 
side cham substituted m the 3 positions of the naphthoqumone nucleus 
Consideimg first the results obtamed on succmate oxidase and the malarial 
paiasite, Plasmodium knowlesi, it mil be seen that the greatest inhibitory 
action is displayed by the two compounds contaming a 9 caibon side chain, 
SN 5949 and SN 5090 Deciease m inhibitory activity results as the side 
cham is shoitened Hydiolapachol with a 5 and phtiuocol with a 1 caibon 
side chain aie much less effective compounds Dunmution of acti\ity also 
results fiom the mtioduction of a double bond or of a hydroxy gioup mto a 
side cham This may be seen by compaiing the action of hydrolapachol, 
lapachol, and h3^dioxy hydrolapachol The action of these six naphthoqum- 
ones on Plasmodium kuowUsi confirms the findings of Wendel (19), who 
has studied a much larger senes of compounds As stated eailiei, Wendel 
also found that the antimalaiial actmfcy of a diug tu vivo paralleled its 
abihty to lepiess the respuation of the malarial paiasite Now , as can be 
seen fiom the data of Table I, theie is a marked similaiit}’' in the action of 
these compounds on the succmate oxidase sj^stem and upon the respiration 
of the malarial parasite This relationship suggests two thmgs first, the 
use of succmate oxidase as a test system for screenmg new drugs m this 
seues, and second, the presence m the malanal parasite of an en2yme similar 
m nature to the one inhibited m the succmate oxidase preparation 
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Table I 

Comparison of Inhibitory Action of Hydroxynaphthoquinones on Various Respiratory 

Systems at pH 7 4 and 38° 

The values* are expressed as per cent inhibition of O2 consumption dunng the 
1st hour of the expenment 


Hydroxynaphthoquinone 


SN 5949t 
CHj 

I 

R CH2CH(CH-.)5 CH, 

SN 5090t 

CHj CHj 

/ \ 

R CH.CH.CHiCH CH- 

\ / 

CH.CHj 

Hydrolapachol 

/CH3 

R CH2CH.CH<^ 

Lapachol 

/CH, 

R CH.CH=C<' 

Hydroxy hydrolapachol 
^CH, 

R CH.CH,C~CH3 
Phthiocol, R CHj 


Succiniite oxidase 


Plasmodium 

knoiclesi 


Yeast 


Liver 

slices 


Concentration of naphthoquinone mg per liter 


1 

10 

HQ 

1 

10 

100 

n 

10 

19 

11 

94 

100 


63 

75 

74 

08 

95 

94 

0 

69 

85 


27 

75 



0 

15 

0 


0 

1 

88 


37 

78 






1 

26 

0 

0 

74 




1 






9 



' 

1 


0 

31 



48 






10 

16 


* All the values are the average of t\\ o or more experiments 
t The Survey number, designated SN, identifies a drug in the records of the Survey 
of Antimalarial Drugs established by the Committee on Medical Research 
0 



The side chain listed in the table is in all cases substituted in the 3 position 

In the results presented m Table I for yeast and hver shoes, a maiked 
difference in behavior is found The respuation of hver shoes during the 
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1st hour of the expeiunent is practically unaffected by the addition of either 
SN 5949 01 SN 5090 Yeast lespuation, on the othei hand, though not 
affected appieciably by SN 5090, is as sensitive to SN 5949 as either the 
malarial parasite oi succmate oxidase These lesults nught be mterpreted 
as mdicatmg a difference m respuatoiy mechamsm for these cells We are 
mchned to believe, howevei, that it represents a diffeience m permeability 
of the cells concerned for these compounds The fact that yeast cells aie 
mhibited by SN 5949 but not by SN 5090, which contams a cychc group m 
the side chain, seems to us to favor this latter mterpretation Moieover, 
though the respnation of liver slices is practically unaffected by these com- 
pounds during the 1st houi of the expeiiment, an mhibitmg effect begins to 
appear at the end of this tune A sumlai delayed action of SN 5949 on the 
lespiration of heait muscle slices has been observed by Di OH Pearson 
m one expeiiment he kmdly pei formed foi us In contrast to the delayed 
and weaker action on mammalian cells of these compounds is their piacti- 
cally mstantaneous reaction on the parasitized red blood cell and succinate 
oxidase Also, the full action of SN 5949 on the respnation of yeast cells 
becomes mamfest \\nthin a few minutes after its addition One cannot but 
wonder whethei the delayed penetiation of animal tissues by these diugs 
IS not one impoitant factor which helps to explam how such potent respna- 
tory mhibitors can be used foi therapeutic pui poses Cei taml> such tissue 
cells do contam a respnatory system sensitive to these compounds, as is 
shoAvn by the results with the succmate oxidase pieparation made from 
heart muscle 

It should also be pomted out that the maximum amount of inhibition 
obtamable varies accordmg to the test system employed For example, 
SN 5949 can cause complete inhibition of succmate oxidase, with ^'^east cells 
the inhibition has not exceeded 95 pei cent, w’'hile, m the case of red blood 
cells parasitized with Plasmodium knowlesi^ the mhibition has i cached only 
80 per cent Likewise, the respiration of the eggs of Arbacia piinclulaia, 
either fertihzed or unfertihzed, is maikedly though mcompletely blocked 
by SN 5949 (cf Anfinsen and Ball (2)) This incomplete blockage of res- 
piration m the mtact cell is remmiscent of the action of c} anide It sug- 
gests that these naphthoqumones, hke cj^amde, mhibit the mam respirator^'' 
pathway, but leave certain secondary and minor respiratory processes 
untouched 

All the results so far descnbed have been obtamed at a pH of 7 4 The 
action of these naphthoqumones is, howeaer, markedlj^ dependent upon 
pH Wendel (19) has already shown m the case of the malarial parasite 
that, ovei a range of pH which mcludes ph} siological \alues, unit deciease 
m pH produced approximately a 10-fold mcrease m antirespiratoix actn it\ 
for eight naphthoqumones that he studied A s im ilar effect of pH on the 
activity of SN 5949 and SN 5090 can be observed m the case of succmate 
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oxidase In Fig 1; data are piesented v^hich illustrate this effect Here 
the concentiation of naphthoquinone is held constant at 1 mg per hter and 
the pH varied thioughout the lange 6 1 to 8 1 The enzyme is completely 
inhibited at the moie acid values, but, as the pH becomes alkalme, the per 
cent mhibition falls as low as 20 pei cent m the region of pH 8 0 Expen- 
ments peifpnned Anth varymg concentiations of SN 5949 m the pH range 
6 1 to 6 6 mdicate that pH changes m this region do not have the pro- 
nounced effect observed foi the region pH 7 0 to 8 0 Studies made at pH 
values more alkahne than 8 1 with highei concentrations of SN 5949 mdi- 
cate that its mhibitory activity contmues to dimmish somewhat m this 
region Hovevei, results m this region aie comphcated by the fact that 
the activity of the succinate oxidase is diminished considerably as a result 



Fig 1 The effect of pH on the inhibitory action of SN 5090 and SN 5949 on the 
succinate oxidase system The concentration of naphthoquinone is 1 mg per hter 
in all cases, temperature 37°, 0 1 m phosphate buffers were used throughout 

of the change m buffer composition and pH alone It would, neveitheless, 
appear that the chief effect of pH occuis wathm the legion showm m Fig 1 
The reader w ill piobably notice that m fig 1 a concentration of SN 5949 
of 1 mg pel htei at pH 7 4 causes an inhibition of about 59 per cent, while, 
in Table I, an mhibition of 94 pei cent is leported at this concentiation and 
pH Tins IS due to the fact that diffeient batches of succmate oxidase ivere 
employ ed m each case and selves to emphasize the pomt that such varia- 
tions m sensitivity aie encounteied m diffeient enz^^me piepaiations. It 
should also be noted, m this connection, that fiesh succmate oxidase prepa- 
rations are alwaj^'S less sensitive than those w^hich have been reconstituted 
fiom the diied prepaiation descubed m the expeiimental section 

The reason for \anations of naphthoquinone action with the change in 
pH IS not clear One mteipretation w^ould be that it is due to alterations 
m the degree of dissociation of the hydroxy gioup of these compounds 
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This would mean that the undissociated and least soluble foini would be the 
most active This explanation seems unlikely when one consideis the fact 
that the pK of this hydioxy gioup m lapachol, hydioxj’hydiolapachol, 
phtlnocol, and foui othei h3'dio\ynaphthoqumones not stuped heie has 
been found to be about 5 0 (Ball (5)) The pK value of SN 5949 and SN 
5090 should be similai Another explanation is that some essential gioup 
m the enzyme which leacts mth the naphthoqumone undeigoes lomzation 
mthm this pH 1 ange If this is the case, its pK value must be in the neigh- 
borhood of 7 5 A thud possibiht} is that the effective concentiation of the 
naphthoquinone is loweied at highei pH values, due to its inci eased affirntj 
for piotems in geneial at moie alkahne leactions The succinate oxidase 
preparation is fai from puie and imdoubtedly contains manj' proteins not 
directly conceined m the enzyme leaction undei study In suppoit of this 
explanation is the findmg of Wendel (19) that seium proteins maikedlj’’ 
affect the mhibitory action of these naphthoqumones on the lespirationof 
malarial parasites Which, if any, of these explanations is aahd must 
await further experimentation 

We have attempted to learn the specific pomt of action of these naphtho- 
qumones on general respuatoiy processes by a closei mvestigation of their 
action on the complex succinate oxidase system The piepaiation em- 
ployed as a source of this enzyme contains the folloiving Imowm components 
of the mam lespiratoij’’ pathway cj'tochiome oxidase, cidochromes «, b, 
and c, and a flavoprotem capable of leoxidizmg the reduced pjuidme nucleo- 
tides How many of these components aie conceined m the oxidation of 
succmate is not known However, cytochrome oxidase and cytochrome c 
are defimtely knoivn to be mvolved It is possible to test the action of 
these two components separately from all the others by using p-phenylene- 
diamme oi h^'^droqumone as substrates instead of succmate Wdien this is 
done, it IS found that no mhibition of the enz 3 Tne-catalyzed oxj gen uptake 
by these substrates can be produced by SN 5949 or SN 5090 at final concen- 
trations as high as 10 mg pei liter Further evidence that cj tochrome 
oxidase oi cytochrome c is not affected by these naphthoqumones raaj' be 
obtamed spectroscopically If a solution of cy tochrome c, prepared by the 
method of Keilm and Hartiee (11), is reduced with NasSjOi at pH 7 4, the 
550 mju band of the reduced form maj be obsei ved inth a hand spectroscope 
This band disappears immedutelj upon adchtion of a little of the succmate 
oxidase piepaiation and shakmg in the pieseuco of au Repetition ol the 
test in the presence of SN 5949 at a final concentiation of 10 mg jier liter 
gives identical results In maiked contiast are the lesults obtained m the 
piesence of 0 001 m cj^anide In this case, the absoiption band of reduced 
cytochrome c lemams visible eaen after piolonged shakmg of the solution 
anth air It is, theiefoie, obvious that these naphthoqumones do not m- 
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hibit respiration in the same manner as cyanide, namely, by reacting with 
cytochrome oxidase 

Another component of the succmate oxidase complex that may be studied 
IS succmate dehydiogenase The exact nature of this component is not 
known Its catalytic action, however, may be followed mdependently of 
the functionmg of cytochiome oxidase and cytochiome c by the use of 
methylene blue and the Thunberg tube techmque Employmg this tech- 
mque, it is found that the i eduction time of methylene blue at pH 7 4 by 
succmate m the piesence of the enzyme is shghtly slowed by the piesence 
of SN 5949 at a final concentiation of 10 mg per liter That the positively 
chaiged methylene blue is not leactmg with the anionic naphthoqumone 
and so mteifeimg with its mlubitory action is sho^^^l by the fact that similar 
results aie obtained when an mdophenol type of oxidation reduction 
mdicatoi is employed 

A moie accurate pictuie of the action of SN 5949 on succmate dehydro- 
genase may be obtamed by a manometiic piocedure The results of an 
CA^eriment of this type are shown m Fig 2 In this test, cyanide has been 
added to all flasks, except Flask 1, m suflScient quantity to inhibit oxygen 
uptake by blocking the cytochiome oxidase system In addition to cya- 
nide, Flasks 3, 4, and 5 contain SN 5949 at a final concentiation of 1, 5, and 
10 mg pel liter, respectively In Flask 1, it ^vlll be seen that oxygen con- 
sumption by succmate pioceeds lapidly fiom the start of the experiment, 
smce no mhibitoi is piesent In the othei flasks, no oxygen consumption 
occurs until methylene blue is added fiom the side aim of the flask at 10 
mmutes after the stait of the expeiiment In these flasks, methylene blue 
acts as a by-pass to the cyanide-mhibited cytochrome oxidase It will be 
noted, however, that the late of oxygen uptake thiough this methylene blue 
by-pass is slowei m those flasks, Nos 3 to 5, which also contam SN 5949, 
but that complete blockage of the methylene blue-catalyzed system is not 
obtamed Though not shown m Fig 2, a SLxth flask contammg 100 mg 
pel liter of SN 5949 gave exactly the same results as Flask 5, which con- 
tamed 10 mg pel litei This action of SN 5949 is m marked contiast to its 
behavioi when cytochiome oxidase Imks the system to oxygen With the 
enzyme preparation used foi the experiment shown m Fig 2, 1 mg per hter 
of SN 5949 completely inhibits the oxygen uptake of the cytocluome 
oxidase-mediated system From the results for Flasks 2 and 3 m Fig 2, 
it may be calculated that 1 mg pei liter of SN 5949 causes only a 25 per 
cent mhibition of the methylene blue-lmked system These results would 
seem to mdicate that the pomt of attack of the naphthoqumones is not upon 
the succinate dehydiogenase itself, but upon some enzyme oi enzymes which 
Imk it to the cytochiome c-cytochrome oxidase cham, or, as m these expeii- 
ments, to the methylene blue system In the latter case, the mhibitoiy 
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efiect IS less maiked than m the foimei, suggesting that a leaction involving 
the 1 eduction of cytochiome c may be mvolved 
As may be surmised fiom the lesults m Fig 2, methylene blue will par- 
tnl!}’’ lelease the mlnbition of oxygen uptake caused by SN 5949 Results 
identical to those shown for Flasks 3, 4, and 5 m Fig 2 aie obtamed when 
naphthoqumone is the only inhibitor present Also the mhibition of yeast 
lespiiation by SN 5949 may be partially released by the addition of methyl- 
ene blue This is true whether glucose or lactate seiwes as substrate 



Fig 2 The effect of SN 5949 on the succinate dehydrogenase system, pH 7 4, and 
37° In addition to the succinate ovidase preparation, succinate and 0 1 m phosphate 
buffer, the various flasks contained the following Flask 1, no additions, Fla^k 2, 
cyamde 0 001 m, Flask 3, cyamde 0 001 m, SN 5949, 1 mg per liter, Flask 4,cyamde 
0 001 M, SN 5949, 5 mg per liter. Flask 5, cyanide 0 001 M, SN 5949, 10 mg per liter 
Methylene blue, 0 2 cc of 0 1 per cent, dumped into Flasks 2 to 5, 10 minutes after 
the start of the experiment The total volume m each flask is 3 0 cc See the text 
for further details 

Fulthei msight as to the locale of action of these naphthoquinones may 
be obtamed by spectioscopic means If a pieparation of succmate oxidase, 
to which sodium succmate has been added, is viewed with a hand spectro- 
scope, the absorption bands of i educed cytochromes a, b, and c are clearly 
visible All these bands may be made to disappear momentaiily or to fade 
m mtensity if the piepaiation is shaken with air They return promptly 
on standmg 'When the experiment is performed m the piesence of SN 
5949 at a final concentration of 20 mg per htei, a different picture results 
Shoitly after mixmg all the components, the only cytochrome band that is 
visible is that of reduced cytochiome b Gradually, hpwever, the reduced 
bands of cytochiomes a and c appear If this preparation is now shaken 
with air, the bands of reduced cytochromes a and c disappear immediate!} , 
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but those of reduced cytochrome b remam unaltered, even after piolonged 
shaking On standing, the i educed bands of cytochromes a and c sloivly 
leappeai Identical results may be obtamed on a suspension of yeast cells 
to which glucose has been added as a substrate These findings thus mdi- 
cate that these naphthoqumones interfeie uith the reo\idation of reduced 
cytochrome &, but do not mteifeie with its reduction 

Reactions catalyzed by those enzymes which requiie the p} ridme nucleo- 
tides as coenz 3 rmes do not appear to be affected by the naphthoqumones 
studied here This fact was first mdicated by the results of Wendel (19), 
who showed that the production of lactate from glucose by parasitized red 
blood cells was not inhibited, and mdeed was enhanced, by the presence of 
some of these compounds We have found no effect of SN 5949 on the 
mammalian lactate dehydrogenase system, as studied b}** the method of 
Quastel and Wheatley (14), nor upon the ox^’^gen consumption of normal 
mammalian red blood cells that occms m the presence of methylene blue 
and glucose Both of these processes require the presence of p>T:idme nu- 
cleotides We have also been unable to observe an}’' effect by them upon 
the reoxidation of reduced diphosphopyndine nucleotide by methylene 
blue, as catalyzed by the flavoprotem descnbed by Conan et al (7) The 
mam effect of these naphthoqumones on lespiration thus appears to be 
limited to an action upon some unknoivn component geanng the dehydro- 
genases to the cytochrome oxidase-cytochrome c system 
Xanthme oxidase, d-ammo acid oxidase, catalase, and urease are un- 
affected by SN 5949 The latter enzyme was tested mainly because its 
activity, hke that of succmate oxidase, is dependent upon the presence of 
sulfhydryl groups The findmgs of Coluell and McCall (6) that the anti- 
bacterial action of 2-methyl-l ,4-naphthoqumone is antagomzed by various 
sulfhydryl compounds also suggested that SN 5949 might be reactmg ivith 
an enzyme sulfhydrjd group We have attempted mthout success to pio- 
tect the succmate oxidase ^stem agamst the action of SN 5949 by the 
addition of cysteme 


DISCUSSION 

It IS not possible at the present time to ascertam the exact manner in 
which naphthoqumones of the type used here block respiratory processes 
We may list the various enz 3 mies that may be mvolved m the mam respna- 
tory pathway m the manner portrayed m Table II They are hsted here 
m the order of their relative positions in this pathway m so far as this can 
be judged from available data The exact role of several enzymes hsted 
remains m doubt For example, the fimction of cytochrome a is unkno^sm 
and its possible relationship or even identity vnth cytochiome oxidase is still 
an open question The same is true for cytochrome b and the possibihty 
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exists that it and succinate dehydrogenase may be identical Another dis- 
putable pomt IS whethei succmate dehydrogenase, whatever its identity, 
forms a pait of the mam respiratory pathway Until separation of all the 
mdividual components concerned m this chain is achieved, these questions 
iviU be diflBcuIt to answei Nevertheless, it is possible to ascertain the level 
at which ceitam substiates are geared mto this cham of oxidative en^mes 
In the column headed ‘‘Substiate” in Table II, the substrates j^-phenylene- 
diamine, succmate, and glucose have been listed m a position opposite that 
enzyme m the cham which activates its electrons for passage through the 
cham Reduction of all components of the cham lymg above this specific 
enzyme may be assumed to occur m the presence of the specific substrate 
and can be shoivn to occur m most mstances 

Table II 


Relationshi'ps of Enzymes y Substrates y and Inhthitors %n Maxn Oxidative Pathway 


Inliibitor 

Enzyme system 

Substiate 

Cyanide 

Cytochrome oxidase , 

“ n ' 



« C 1 

p-Phenylenediamine, etc 

Naphthoquinone 

1 

? ; 

Cytochrome h 



Succinate dehydrogenase 
Plavoprotem (diaphorase) 

Succmate 


Pyridine nucleotide dehydro- 
genases 

Glucose, etc 

1 


Now the relative position at which cyanide and 2-h5^droxy-3-aIkyInaph- 
thoquinone mhibit this cham may be similarly mdicated In the column 
headed ‘‘Inhibitoi” cyamde is placed opposite cytochrome oxidase, smce it 
IS this lead off enzyme m the cham with which it appears to combme The 
oxidation of aU the substrates listed is pi evented by its action In the case 
of the naphthoqumones, their pomt of action is mdicated as \ymg between 
cytochromes 6 and c, smce they do not pi event the oxidation of p-phenylene- 
diamine, nox do they pi event the reduction of cytochrome b by either succi- 
nate 01 glucose Neithei cytochrome c nor cytochrome b can, therefore, 
be smgled out as the enzyme reactmg with the naphthoqumones It is the 
interaction of these tw^o enzymes which appears to be prevented by the 
naphthoqumones This bemg the case, the naphthoqumones might be 
classified as inhibitors preventmg the mteraction of tw o specific enz 3 mes 
lather than completely mhibitmg the action of one, as usually happens 
Though this would be an unusual situation, it must, nevertheless, be remem- 
bered that these reactions are unusual m that we are deahng with the mter- 
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action of two enzymes and not, as m the moie conventional manner, ivith 
enzyme and substiate 

An alternative hypothesis must, however, be consideied This is that an 
imknoivn enzyme exists which mediates the leaction between cytochiomes 
b and c m the chain and that it is this unknown enzyme which specifically 
reacts with naphthoqumones Cei tainly e have no pi oof that cytochiomc 
b can react diiectly with cytochiome c Indeed, evidence (10, 12, 16) has 
been accumiilatmg that some unknown enzyme acting below cytochiome c 
IS mvolved m the oxidation of succinate Most recently Straub (17) has 
piesented evidence for the existence of a so called SC factor linking succinate 
dehydiogenase and cytochrome c He pictuies the oxidation of succmate 
as proceeding through the following cham succmate dehydiogenase — > SC 
factor — > cytochiome c — > cytochiome a cytochiome oxidase The 
possible relationship of cytochiome b to tins factor oi to succinate oxidation 
is not discussed by him Howevei, the term ^‘succmate dehydrogenase^’ 
IS used by Straub, as we have used it, to desciibe the unidentified enzyme 
or enzymes catalyzmg the leaction between methylene blue and succmate 
mentioned eaihei, cytochrome b may well be mvolved m this reaction 
Indeed, the fact that cytochrome b is piesent m the succmate dehydiogenase 
prepaiation and is rapidly leduced upon the addition of succinate favors 
such an mteipretation Theie is thus the possibility that Stiaub’s SC 
factor actually Imks cytochrome b and c^dochiome c and that it is indeed 
the enzyme which reacts mth naphthoqumone 

This mterpretation of the action of naphthoquinones is satisfactoiy in 
the hght of Stiaub’s findmgs only so fai as the oxidation of succmate is con- 
cerned When we attempt to explam the blockage of general respiiation m 
terms of the action of naphthoqumones on Straub’s SC factor, the picture 
is not clear Foi example, in the oxidation of glucose we may trace the 
pathway of electrons from this substiate through the pyndme nucleotides 
and the flavoprotein, diaphorase Be 3 mnd this we cannot go How this 
flavopiotem is Imked to oxygen is not knoivn, but the cytochiome system 
IS undoubtedly mvolved Straub (18) has shoivn that diiect reaction be- 
tween diaphoiase and cytochrome c does not occur Some enzyme or 
enzymes must then he mtermediate to these two components Now Straub 
(17) has attempted ivithout success to gear diaphoiase to cytochrome c by 
means of his SC factor Indeed, in his experiments the same combination 
of enzymes capable of fimctionmg as succinate oxidase failed to connect 
diaphorase to cytochrome c Whether the SC factoi is involved m general 
respiration cannot then be detemimed from Straub’s experiments, smce the 
possibility exists that the SC factor m combmation ^vlth some component 
missmg in his expeiunents is mvolved m Imkmg diaphorase to cytochrome c 
From this discussion then it is obvious that there is a poition of the mam 
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oxidative chain lying below cytochrome c which is shrouded m darkness 
It IS somewhere within this region that the naphthoqumones act to block 
not only succmate oxidation but also general respiiation Pei haps these 
compounds may prove to be useful tools to help unravel the natuie of the 
enzyme or enzymes which gear cytochrome c not only to succmate dehydio- 
genase but also to the flavoprotem-pyiidine nucleotide systems 

One othei pomt of interest that should be mentioned with regard to the 
2-hydroxy-3-alkylnaphthoqumones is that they are natural constituents of 
certam hviHg cells Lapachol, one of the compoimds listed m Table I, 
occurs m a vanety of woods, c/ Fieser (8) Lomatiol, a closely related 
compound, occurs m the seeds of Lomaita thctfolm (15) Phthiocol, also 
hsted m Table I, is a pigment isolated from the tubeicle bacillus by Andei- 
son and Newman (1) XJsmg the data given by these authois, we estimate 
roughly that the concentration of phthiocol m this oigamsm is of the order 
of 10 mg per kilo of wet cells This is just below the concentiations found 
necessary to inhibit succmate oxidase or the respiration of the malarial para- 
site Many other naphthoqumones, though not of this geneial type, are 
also of course found m nature Among those may be mentioned vitamm K, 
juglone, lawsone, lomatiol, and echmochiome With the exception of 
vitamm K, no function is apparently known for any of these compounds 
We have considered the possibihty that the inhibitory action of compounds 
such as SN 5949 may be due to their competition with a naturally occui- 
rmg naphthoqmnone Preliminary experiments in which an attempt was 
made to release respiratory inhibition produced by SN 5949 by the addi- 
tion of vitamin K were inconclusive Our obseiwations (2) that the lespira- 
tion of the Arbacia egg, which contains large amounts of echmochiome, is 
easily inhibited by SN 5949 do not favor a competitive type of action 
Nevertheless, the findmgs reported here suggest that an investigation of the 
role of naturally occurrmg naphthoqumones eithei m legulatmg oi paitici- 
patmg in respiratoiy processes might be of mterest ^ 

SUMMARY 

1 Certam 2-hydroxy-3-alkyInaphthoqumones are veiw potent mlubitors 
of respiratory piocesses Their activity depends upon the nature of the 
alkyl group 

2 The more effective naphthoqumones completely inhibit the ox^^gen 
uptake of the succmate oxidase system at concentiations as low as 3 X 10“^ 

* Since submitting this paper far publication the interesting work of Gaffron 
(20) has come to our attention He reports that phthiocol first stimulates and 
then inhibits the respiration of certain algae as its concentration is increased He 
also shows that phthiocol interferes with the photochemical processes of these pLnt 
cells and discusses his findings in relation to the known high vitamin K content of 
chloroplasts 
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M The lespuation of the malaiial paiasite, Plasmochim Inowlesi, and of 
yeast cells is also inhibited at similai concciitiations, but inhibition nevei 
exceeds 80 to 95 per cent of the total respuation m these cases 

3 The action of these naphthoquinones on the succinate oxidase system 
IS dependent on the pll, at least uithm the legion 7 0 to S 0 The activity 
of a compound at pH 7 0 is appioximately 5-fold that at pH 8 0 The 
leason foi this effect is not knoi\n, but se\eial possible explanations are 
offered 

4 Cytochiome oxidase, xanthine oxidase, d-ammo acid oxidase, catalase, 
several pyiidme nucleotide systems, and uicasc aic unaffected by these 
naphthoqumones The succinate dchydiogenase sj^stem is paitly m- 
hibited 

5 The conclusion is reached fiom mauometue and spectiophotometric 
observations that these naphthoqumones act below oy tochi ome c and above 
cytochiome b in the mam chain of lespiiatoiy enzymes The possibilit}" 
that their mhibitoiy action is the lesult of then combination with an un- 
knoMm enzyme which mediates the leaction between cytoclnome c and 
cytochrome b is discussed 
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AMINO ACIDS EXCRETED BY MICE FED INCOMPLETE 

PROTEINS'*' 
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In a previous study it was noted that mice fed a diet containing 10 per 
cent of casein excieted fiom 1 to 5 pei cent of the mgested ammo acids 
m the 111 me m microbiologically available form (1) The present e\peii- 
ments deal \nth the amino acids m the unne of mice fed mcomplete protems 
such as oxidized casein (2) supplemented in vanous wsiys Oxidized casern 
is known to be deficient m methionme, tiyptophane, and cystme (2, 3) 
Arachm v as fed as an example of a natural protem low in one of the essen- 
tial ammo acids, while fibrm and casern seiwed as examples of relatively 
complete protems 


Methods 

We anlin g mice weighing 10 to 12 gm weie fed diets of the followmg 
general composition 


Protein 

per cent 

10 

Corn oil 

5 

Wesson’s salt mixture (4) 

4 

Glucose monohj drate (cerelose) to 

100 

Pyridoxine hydi ochloride 

r per gm 

10 

Thiamine chloride 

6 

Nicotinic acid 

10 

Calcium pentothenate 

20 

Ribofiaviii 

6 

Folic acid 

0 5 

Biotin 

0 5 

p-Aminoben 2 oic acid 

300 

Inositol 

500 

Choline chloride 

1000 

Cystine 

1000 


Methionme vas added to ceitam of the diets at a le\el of 0 7 per cent, 
tiyptophane to certam otheis at a level of 0 4 per cent (Tables II to IV) 

* Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station This investigation was aided by grants from the Jonathan Bowman 
Fund for Cancer Research and from the Wisconsin Alumm Research Foundation 
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AMINO ACIDS IN URINE 


When the dietaiy protein was ordinary casein or fibiin, the mice gamed an 
average of 2 5 gm pei week Mice fed oxidized casern supplemented with^ 
methiomne, tiyptophane, and cystme also grew well and when the protem 
was finely gioimd, some senes gamed as much as 3 0 gm per i\eek How- 
ever, when metlnonme or tr^^ptophane was omitted from the diet the 
animals lost Aveight at lates ranging from 0 5 to 2 0 gm per week and 
some died after 2 oi moie weeks Foi this reason the feedmg periods were 
necessaiily of short duration 

After 15 or more days on the vaiious diets, mice weie placed m metab- 
ohsm cages in groups of three, and the uime was collected under toluene 
for periods of 24 oi 48 houis The uime was stored, diluted, and ana- 
lyzed miciobiologically for sixteen aimno acids by the methods descnbed 
previously (1) 

The results were expressed both as the amounts of the vanous ammo 
acids excreted m miciobiologically available foim per mouse daily and 
as the percentages of the mgested acids appeaimg m the urine The latter 
values weie oiigmally calculated from pubhshed values for the ammo acid 
composition of the piotems fed, but iiregulaiities m the apparent per- 
centages of some of the ammo acids excreted, e g , oi seime on the fibrin 
diet and of piohne on aiachm, suggested that the pubhshed values (5, 6) 
used might not leflect the composition of the pro terns fed m the present 
experiments Accoidmgly, each of the protems (Table I) Mas hydrolyzed 
by autoclavmg 600 mg ahquots m sealed ampuls Mith 10 per cent HCl 
(5 N NaOH foi tiyptophane and tyrosme determmations) for 10 hours 
at 15 pounds piessuie (7, 8) The pH was then adjusted to 6 8, the solution 
diluted, filtered, and the ammo acid composition deteimmed microbio- 
logically^ (1) With compaiatively few exceptions, the peicentages of 
the vaiious ammo acids m the piotems Avere found to be of the same Older 
of magmtude as those lepoited by otheis (Table I) In hue with the bio- 
logical and chemical lesults of Toennies and Bennett (2, 3), most of the 
ammo acids in casern Meie unaltered b}** the oxidation process, although 
methionme, cystme, and tryptophane were destroyed completely 

Results 

The most obvious finding was that mice on a protem inadequate m the 
essential ammo acids tiyptophane (Table II) or methionme (Table HI) 

^ 'When Lactobacillus arahinosus was used as the test organism for the determi- 
nation of glutamic acid, the value obtained for the percentage of this acid in casein 
compared favorably with those reported by others who used either chemical or micro- 
biological methods of analysis (9-11) However, with Streptococcus faecahs and the 
regular test medium (1), percentage values for glutamic acid often differed from those 
obtained with L arahinosus y unless the content of asparagine in the medium was 
doubled In the present study, L arahinosus was used routinely for the determi 
nation of glutamic acid in urine and in protem hydrolysates 
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e\cieted abnoimally high amounts of ail the othei amino acids On the 
tiyptophane-deficient diet (Senes I) (oxidized casern plus methionme and 
cystme) the percentage of ingested ammo acids appeal mg m the uime 
after 15 days varied from 12 8 pei cent for piolme to 48 3 pei cent foi 
histidme (Table II), while all other ammo acids veie found m the urine 
m mtei mediate peicentages of the amounts mgested Essentially the 
same values weie obtamed in Series II and III m which the penod of deple- 
tion was more prolonged The exoietion of the essential ammo acids taken 

Table I 


Per Cent Avnno Acids tn Pioteins Fed {Gin of Ammo Acid Libeialcd pei 100 Gm of 

Air-Dncd Protein) 


Ammo acid 

Fibrm 

Arachm 

Ordinary 

casern 

Oxidized 

casern 

Recoveries* 

Ordinary 

casern 

Fibrm 

Arachm 

Arginine 

6 8 

11 0 

3 7 

5 8 

94 

103 

101 

Aspartic acid 

15 5 

14 0 

7 3 

8 3 


107 


Cystine 

1 8 

0 9 

0 45 

0 0 

103 

100 

104 

Glutamic acid 

13 0 

21 6 

21 5 

22 0 

109 

100 

109 

Histidine 

2 5 

2 6 

3 0 

2 4 

94 

100 

109 

Isoleucine 

7 6 

6 6 

8 6 

7 8 

100 

104 

104 

Leucine | 

6 7 1 

6 9 i 

10 5 

10 4 ! 

107 

105 

107 

Lysine 

6 8 

1 8 

6 7 

7 5 : 

91 

94 

96 

Methionme 

2 6 ' 

1 1 1 

3 1 

0 0 

103 

92 

100 

Phenylalanine 

3 8 1 

5 5 

4 8 

5 0 

93 

104 

102 

Prolme 

4 6 

6 0 

15 9 

16 9 

104 

104 

101 

Senne 

11 2 

9 9 

7 9 

7 5 

101 

101 

100 

Threonine 

5 9 

2 6 

4 6 

3 6 

96 

94 

97 

Tryptophane 

3 6 

0 69 

1 4 

I 0 0 

105 

103 

103 

Tyrosine 

4 6 

4 5 

5 2 

4 5 


97 

99 

Valine 

1 3 7 

3 9 

5 8 

6 1 

105 

09 

101 


* Aimao acids were added prior to hydrolysis in quantities approvimateb equal 
to those contained in the protein sample being hydrolyzed 


collectively did not appeal to differ fiom that of the non-essentuii ammo 
acids 

Similar lesults were obtamed uhen the deficient ammo acid was methio- 
nme (Table III) After 15 days of depletion, mice fed 10 pei cent of 
oxidized casern plus tryptophane and cystme (Series I) excreted 9 9 per 
cent of the mgested aspartic acid m the urme and 37 5 pei cent of the 
mgested histidme, all other ammo acids were excreted m mtermediate 
percentages In Series II the peicentages of the different ammo acids 
excreted ranged fiom 24 6 for glutamic acid to 86 5 per cent for histidme 
Both m this and m other senes the percentage excretion of ammo acids 
fed m the free form (cystme and methionme or tryptophane) appeared 
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AlvnNO ACIDS IN TOINC 


to be higher than those foi most of the ammo acids fed combmed as pro- 
tem, but no particulai significance was attached to this obseivation smce 
the possibility existed that some fiee ammo acid added to the diet may have 
been spilled m the metabolism cage and thus have contiibuted to the high 
uimary values obsei\ed 


Table II 

Amtno Acids in Urine of Mice Fed Did Low in 2 rypiophanc {W Per Cent Oxidized 
Casein Plus Methionine and Cystine) 


Ammo acid | 

Senes I* 

Senes lit 

Senes IIIJ 

Ammo acid 
iDgcstcd 

Ammo acid 
excreted 

Ingested 
ammo acid 
excreted 

Ingested 
ammo acid 
excreted 

Ingested 
ammo acid 
excreted 


mg 


ptr cent 

per uni 

per cent 

Arginine 

11 02 

1 70 

15 4 

14 5 

17 9 

Aspartic acid 

15 77 1 

2 14 

13 6 

20 3 

19 4 

Cystme 

1 90 i 

(0 70) 

(36 8) 

(196 0) 

(67 0) 

Glutamic acid 

il so 

5 97 

14 3 

19 3 

17 8 

Histidine 

4 56 

2 20 1 

48 3 

46 4 

71 0 

Isoleucme 

14 82 , 

2 92 ■ 

19 7 

2-4 0 

25 7 

Leucine 

19 76 

5 28 

26 7 

27 9 

30 3 

Lysine 

14 25 

3 36 

23 6 

1 27 2 

1 23 5 

Methionine 

5 70 

, (1 72) 

; (30 2) 

(50 0) 

(43 5) 

Phenylalamne 

9 50 

2 33 

2^1 6 

25 G 

30 0 

Proline 

32 11 

4 10 

12 S 

15 5 

19 1 

Serine 

1 14 25 

2 82 

19 9 

16 8 

23 6 

Threonine 

6 84 

2 90 

42 5 

45 5 

40 7 

Tryptophane 

0 

1 0 15 




Tyrosine 

8 55 

1 SO 

21 0 

22 3 

24 9 

Valine 

11 50 

1 3 22 

27 8 

23 4 

27 0 


The numbers m parentheses are not directly comparable to the other values, smce 
it IS possible that some of the free amino acids fed may have been spilled into the 
unne 

* Series I was fed the low tr>ptophine diet for 15 da>s before the urine 
was collected 

t Series II was fed the low tryptophane diet for 10 days, then fed the same diet 
plus tryptophane for 12 days, followed by the low tiyptophaiie diet for 14 daj^s before 
the urine collection was made 

X Series III w as fed the low tryptophane diet for 18 days before the urine collection 
was made 

When oxidized casein was supplemented w ith methionme, tryptophane, 
and cystme, the excietion of all amino acids except those added in the 
flee form was i educed to 10 per cent of the amount ingested oi less (Table 
I\0 and usually ^\as about 5 per cent In fact, the e\cietion of microbio- 
logically available ammo acids was essentially the same on the properly 
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supplemented oxidized casern as ^Yhell oidmary untreated casern was fed 
at a compaiable percentage m the diet This similanty suggested that 
the nse m the e\cietion of ammo acids noted on the deficient diets contain- 
mg oxidized casein was due to the deficiency m an essential ammo acid 
latliei tlian to any mheient piopeity of the oxidized casern Tins was 


Table III 

Ammo Acids in Urine of Mice Fed Diet Low in Methionine {10 Per Cent Oxidized 
Casein Plus Try'piopliane and Cyshne) 


Ammo acid 

Senes I* 

Senes Ilf 



Invested 
ammo acid 
excreted 

Ingested 
ammo acid 
excreted 



ms 

per cent 

per cent 

Arginine 

' 9 86 

1 08 

11 0 

31 1 

Aspaitic acid 

14 11 

1 40 

9 9 

26 6 

Cj Stine 

1 70 

(0 58) 

(34 1) 

(65 4) 

Glutamic acid 

37 40 

5 17 

13 8 

24 6 

Hi|tidine 

4 OS 

1 53 

37 5 

86 5 

Isoleucine 

13 26 

1 80 

13 6 

37 3 

Leucine 

17 68 

3 25 

i 18 4 

42 4 

Lysine 

12 75 

1 58 

12 4 

1 34 3 

Methiomne 


0 25 


1 t 

Phenylalanine 

8 50 

1 50 

17 7 

42 5 

Prohne 

28 73 

3 60 

12 5 

25 9 

Serine 

12 75 

1 58 

12 4 

31 4 

Threonine 

6 12 

1 00 

31 1 

65 4 

Tryptophane 

2 04 

(0 SO) 

(39 2) 

(60 5) 

Tyrosine 

7 65 

0 40 

15 7 

36 8 

Valine 

10 37 

1 67 

16 1 

37 4 


The numbers in parentheses are not directly comparable to the other values, 
since it IS possible that some of the free ammo acids fed may have been spilled into 
the urine 

♦Series I \\as fed the Io^^ methionine diet for 15 days before the urine 
was collected 

t Senes II as fed the Iotn methiomne diet for 18 daj s before the urine 
was collected 

1 0 25 mg of methiomne was found in the urine upon analysis, even though none 
w as fed in the diet 


fulthei emphasized by the relatively high percentages of ammo acids ex- 
creted m the mine when 10 per cent of arachm as fed (Table V) Abrachm 
contams only 1 1 per cent of methionme and when the arachm m the diet 
was 10 per cent, an aveiage of only 3 5 mg of methiomne mgested 
pel mouse daily compaied to 8 77 mg m diets contammg 10 per cent of 
casein The aiachin diet theiefoie represented an madequacy of an essen- 
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IVIicrobiological determinations of four lepresentatue a mm o acids in 
the urine before and after hj^diolysis tended to confirm the geneial conclu- 
sions fiom deteimmations of a-NHo-N (Table Although theie 

weie fairly wde vaiiations noted m the pei cent ages of the foui ammo acids 
excreted m the bound foim on the various diets, the total amounts excreted 
were usually lowest on the fibnn diet Neither aigmme noi vahne was 
present m the bound form m the mine excieted on diets deficient m methio- 


Table VI 

Ami7io Acids in Urine of Mice Fed 20 Per Cent Fibrin Diet 


Ammo acid 

Series la* 

Scries Ibt 

Ammo acid 
ingested 

Ammo acid 
excreted 

Ingested 
ammo acid 
excreted 

Ingested 
ammo acid 
excreted 


tns j 

mg 


per cent 

Argimne 

33 59 1 

0 27 


1 3 

Aspartic acid 

76 57 , 

1 01 


1 0 

Cystine 

11 36 

(0 65) 

(5 7) 

(5 9) 

Glutamic acid 

64 22 

1 22 

1 9 

3 7 

Histidine 

12 35 

0 67 

5 4 

7 2 

Isoleucine ' 

37 54 

0 55 

1 5 

1 1 

Leucine 

33 10 

0 55 j 


2 2 

Lysine 

33 59 1 

0 75 


1 5 

Methiomne 

12 84 ! 

0 23 

1 S 

1 4 

Phenylalamne ' 

IS 77 

0 40 

2 1 

2 3 

Proline ! 

22 72 

0 65 

2 9 

2 9 

Senne 

55 33 

0 63 

I 1 

2 2 

Threomne 

29 15 

0 70 



Tryptophane 

17 78 

i 0 30 


0 5 

Tyrosine 

22 72 

; 0 27 


1 4 

Valine 

18 28 

0 33 


■HI 


The numbers in parentheses are not directly comparable to the other \aluesj 
since it IS possible that some of the free amino acids fed ma> have been spilled into 
the urine 

* Senes la was fed the fibrin diet for 44 days before the urine \\ as collected 
t Series Ib was fed the fibnn diet for 16 daj s before the urine as collected 

mne, furthermoie, bound aigmme was absent when tryptophane was miss- 
mg fiom the diet Bound arginme was present m the urme on the diets 
containmg ordmary casern and the amounts weie paiticulaily high when 
fibrm was fed (Table VIII) Tins might suggest that argmme normally 
appeals m mouse uime combmed with methiomne oi tiyptophane How- 
ever, a much moie thoiough study of the responses of microoigamsms to 
vaiious peptides w ill have to be made before vahd conclusions can be drawn 
on the natuie of the peptides m urme 
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Table VII 

Excretion of ^^Free** and Bound** a-NH^ N tn Urtne hy Mice Fed Various Proteins 


1 

1 

Diet ! 

1 

1 

N 

ingested 

NHj N excreted 
m urme daily 

Bound 
NHt-N ! 

NHi-N excreted 
per mg N 
ingested 

Bound 
NHjN 
m urine 

Per cent 
of total m 
“bound * 
form 

Un ' 
hydro 
lyzed 

Hydro 

lyzed 

m unnc 

Un 

hydro- 

lyzed 

Hydro- 

lyzed 

per mg N 
ingested 

Oxidized casein, no me- 

ms 

20 3 

ms 

5 77 ' 

ms 

6 50 


— 

IBBii 

Q| 

m 

11 

thiomne 









Oxidized casein, no tryp- ! 

30 4 

4 92 ' 

5 78 




0 028 

16 

tophane 









Oxidized casein, sup- 

32 0 

1 13 

2 06 




0 029 

48 

plemented 




1 





Ordinary casein 

45 3 

1 30 

2 96 

1 1 66 


DMII^ 

j 0 036 

57 

Fibrin 

80 0 


1 15 




, 0 007 

52 

Arachin 

32 0 

4 82 

5 53 

lilil 

BB 

0 173 

0 023 

1 

13 


Table VIII 


Urinary Excretion of ^‘Free** and Bound** Ammo Acids hy Mice Fed Various Diets 


Diet 

Histidme excreted daily 

Per cent 
of total m 
* bound’* 
form 

Threonine excreted daily 

Per cent 
of total in 
“bound” 
form 

Un 

hydro 

lyzed 

Hydro 

lyzed 

n 

Un- 

hydro 

lyzed 

Hydro- 

lyzed 


j 

mm 

ms 

ms 


ms 

ms 

ms 


Oxidized casein, no me- 1 

m 

2 1 

0 8 

38 

4 3 

5 0 


14 

thionine 









Oxidized casein, no tryp- 

1 4 ! 

1 8 ' 

0 4 ' 

22 

3 9 

4 3 


9 

tophane 


! 







Oxidized casein, supple- 

0 33 1 

0 50 1 

0 17 1 

34 1 

0 82 

1 6 ! 


49 

mented 



1 



1 



Ordinary casein 

0 23 

IBI 

0 47 1 

67 ! 

0 90 1 

2 1 

1 2 

57 

Fibrin 

0 15 


0 IS 

55 

0 45 

0 72 


38 

Arachin 

1 0 

n 

0 3 

23 

1 9 

3 2 

1 3 

41 


Argmme 

Vahne 

Oxidized casein, no me- 

3 9 

3 7 

0 

0 

2 1 

HI 


0 

thiomne 






1 



Oxidized casein, no tryp- 

3 2 

3 2 

0 

0 

2 3 

1 3 0 


23 

tophane 





1 




Oxidized casein, supple- 

1 0 50 

! 0 60 

1 0 10 

1 17 

0 30 

0 73 


59 

mented 









Ordinary casein 

0 66 

1 2 

0 54 

45 


1 7 

1 0 

59 

Fibrin 

0 28 

1 6 

1 32 

S3 

lifttl 

0 75 

0 11 

15 

Arachin 

2 3 

! 2 4 

0 1 

4 


6 0 

3 6 

60 













































280 


AMINO ACIDS ESr URINE 


DISCUSSION 

Normally, ammo acids m the blood can be prevented from appearing 
m the urme by one or more of the folIo\\’ing piocesses (a) by the mcor- 
poiation of the ammo acids mto the tissues for the s^mthesis of piotems 
and othei substances, (b) by the destiuction of ammo acids through de- 
ammation, transammation, or other reactions, (c) by the kidney barriei 
If any one of these piocesses were completely effective, no ammo acids 
would appear m the unne 

Process (a) is limited even under optimal conditions of nutiition, for the 
tissues do not accumulate protem mdefinitely T\Tien an essential ammo 
acid IS missmg from the diet, the S3Tithesis of piotem, even foi replace- 
ment pui poses, is cm tailed seveiely for lack of an essential bmldmg block, 
and mstead of passmg from the blood stieam mto the tissues, ammo acids 
pass from the tissues mto the blood stream Piocess (b) appears to be 
hmited m the mouse, for when the percentage of casern m the diet is raised 
from 10 per cent to 50 pei cent, the amounts of the various ammo acids 
excreted m the mme also mcrease 5-fold (1) This latter observation fur- 
ther mdicates that the kidney is not a paiticulaily effective bamer against 
the transfer of ammo acids from the blood of the mouse to the urme, 
m other words, process (c) is only paitially effective 

In the absence of an essential ammo acid, there is not only a failure of 
protem synthesis, but there may also be an impaiiment m the mechanisms 
by which ammo acids aie destioyed m the body The amoimts destro 3 Td 
can be estimated fiom lepiesentative data as follows ]\'lice on the diet 
free fiom methiomne ate 1 27 gm of food daily, equivalent to 127 mg 
of piotem They lost ^\elght at a late of 0 20 gm pei day, equivalent to 
40 mg of piotem, if it is assumed that one-fifth of the lost weight is protem 
(Qualitatively the results be similai whethei the mcrements of ^veight 
lost 01 gamed are assumed to be 10 or 30 per cent of pi otem ) The amounts 
of ammo acids entermg the blood stieam daily are theiefoie 127 + 40 
mg =167 mg 57 2 mg veie excreted m the uime as fiee acids or pep- 
tides, leavmg 110 mg destroyed daily Sinulai calculations, apphed to 
data from animals deficient m tryptophane, mdicate a destruction of 
179 mg of ammo acids daily 

When both tryptophane and methiomne were fed m addition to 10 
per cent of oxidized casern, a typical daily mtake was 210 mg of protem, 
mth a gam m weight of 0 1 gm daily, eqmvalent to an estimated absoip- 
tion of 20 mg of ammo acids daily by the tissues Smce 20 mg of ammo 
acids were excreted daily , the amounts destroyed weie 210 — (20 + 20) 
= 170 mg 

Thus, the amounts of the ammo acids destroyed daily appear to be 
essentially of the same order of magmtude whether a “complete'' diet is 
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fed on which theie is a gam m weight, or an incomplete diet on which 
w^eight IS lost Neveitheless, the amounts of ammo acids excieted on the 
mcomplete diet are at least double those on the complete diet, 40 to 55 
mg per day versus 20 mg By w^ay of contiast, it can be calculated that 
noimal mice fed a diet contaimng 50 pei cent of casern destroy neaily 1500 
mg of ammo acids daily Thus the extra ammo acids excreted on the defi- 
cient diets lepresent acids that ivould have been destioyed had the diet 
been complete The unphcation is that the enzyme systems that normally 
destxoy ammo acids aie impaiied on the deficient dietaiy legimens Quite 
another possibility is that the leabsorption of ammo acids m the kidney 
IS unpaired on the mcomplete diets 
Presumably, deficiencies m othei essential ammo acids would likewise 
lesult m a general increase in the excietion of ammo acids by the mouse 
The possibihty also suggests itself that deficiencies m vitamms might affect 
ammo acid excretion Veiy little information has been pubhshed on this 
pomt, although it appeals to be w^ell established that pathological condi- 
tions mvolvmg hvei damage can be accompanied by mcreases m the 
a-NHjrN content of the uime (14) Kaplanskii et al (15) noted that 
patients havmg miuiies of the penpheral neivous system accompamed 
by severe pain excieted mci eased amounts of keto acids and ammo acids 
m the urme, and that the administration of large doses of vitamm Bi 
returned the exci etion to a noimal level In a previous study m this labora- 

toiy, mice deprived of vitamm Be excreted normal amoimts of tryptophane 
m the urme (16), but that excretion w^ould appear to be abnoimally high 
if the xanthuremc acid excreted, equivalent to 10 to 24 per cent of the 
tiyptophane mgested (17), were also considered as excieted tryptophane 
A high excretion of ammo acids was lepoited m 1925 m urme fiom human 
subjects fed large amounts of wheat (18) This might parallel the present 
high excretion of ammo acids by mice fed protems of inferior biological 
value 


sxnsaiARY 

1 Mice fed diets contaimng mcomplete protems (oxidized casern plus 
cystme and eithei tryptophane or methionme) excreted fiom 9 9 to 86 5 
per cent of the mgested ammo acids m the urme m microbiologicall^ avail- 
able foim The mean excietion was 24 5 per cent 

2 On complete protems, such as casern, fibrm, or oxidized casern sup- 
plemented with cystme, tryptophane, and methionme, the different ammo 
acids excieted ranged from 0 5 to 10 0 per cent, with a mean of only 2 9 
per cent 

3 Uimes from mice on either type of protem contamed approximately 
the same amount of peptides Ilelati\el>, however, a much higher per- 
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pioduction determmed titrimetncallj'' (biomo thymol blue mdicator) 
When the phosphate buftei was used, the titiations ^^ele earned out Aath 
a pH meter 

The tr^'^ptophane activity of mdole and anthranilic acid vas calculated 
fiom the tiyptophane cuives obtamed mth each assaj’* When variations 
in the basal media v eie made, a tr> ptophane cm ve v as mcluded with each 
change m the media and the activity of the compounds tested deteimined 
fiom the respectue tiyptophane cur\es In all cases the activit^^ of m- 
dole and anthianilic acid is expiessed as the pei cent tiyptophane actmty 
on a molai basis 

Influence of Pyridoxine, Senne, and Acetate — ^The fust expeiiments vere 
conducted to deteinune the effect of p^uidoxme on the tr^’^ptophane activity 
of mdole and antliramlic acid Indole and anthi-amlic acid at concentra- 
tions of 2 5 to 10 7 pel tube veie used and the effect of adding 0 and 20 y of 
P3aido\me h^diochlonde deteimined The mfluence of seiine (1 mg 
pel tube of the dl isomei) tested vith the acetate and phosphate buffers 
V as also deteimmed The lesults of these expeiiments are shovaxinTablel 

It can readil}'’ be seen that pyiidoxme has a maiked effect on the abihty 
of Lactobacillus arabinosus to utilize either mdole oi antliramhc acid as a 
souice of trj^ptophane With the puiified ammo acid medium and an 
acetate buffei , less than 5 pei cent activity a\ as observed f oi mdole v ithout 
pyiidoxme and 91 per cent tr3^ptophane activity vath pyridoxme The 
actmty was appieciabty highei vhen an acetate buftei vas used compared 
to that obser^ ed v ith the phosphate buffei , suggestmg that acetate as ell 
as seiine is invoh ed m the synthesis of ti3^ptophane The lugher actmt3" 
obtamed vath the casein hydiob^sate medium compared to that 
obtamed vith the pmified ammo acid medium substantiates an earlier 
obseivation (7) 

The piesence oi absence of vitamin Be m the medium did not have any 
significant effect on the acid pioduction with the ti 3 ptophane standard 
Similaily, no effect of the presence 01 absence of seiine could be detected 
ivith tr3^ptophane 

In the absence of added pyiidoxme, appieciable amounts of tr3^pto- 
phane veie foimed fiom mdole and anthiamhc acid vith the casein hy- 
drolysate medium, nhile little or none n as foimed nhen the puiified ammo 
acid medium was used This suggested that small amounts of vitamm Bs 
present in the casern h3^diol3sate could account foi tins diffeience m tr3^pto- 
phane actmty Fuitheimoie m eailiei voik (7) onl3^ 2 7 of pyiidoxme 
veie used and a 25 per cent lovei activit3^ was obsen ed foi mdole than was 
obtamed m the piesent i\oik mth 20 7 of pyiidoxme 

Detailed data fiom a typical expemnent on the effect of graded levels 
of indole and anthranihc acid tested vith an acetate buffer and a phosphate 
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buffer are shown m Table II The differences m the activity obtained with 
the two media are leadily apparent Also, the activity tends to be lo^\er 
at the higher test levels of mdole and anthranihc acid vnth the phosphate 
medium 


Table I 

Effect of Pyndoxine on Tryptophane Activity of Indole and Anthranihc Acid for 
Laciohacillus arabinosus 


All values expressed as per cent tryptophane activity on a molar basis 


Medium used* 

Indole 

Anthranilic acid 

Pluspyn 

doxinet 

No 

pyndoxme 

Pluspyn 
doxinet ! 

No 

pyndonne 

A (acetate) 

91 

1 

<5 

33 

<5 

“ ( “ + senne) 

100 

<5 



“ (phosphate) 

39 

<5 

23 

1 

** ( “ + senne) 


<5 



B (acetate) 

1 105 

41 

j 66 


“ (phosphate) 

85 

1 

41 

1 



* Medium A, purified amino acid medium, Medium B, casein hydrolysate medium 
plus cystine 

t 20 7 per tube of pyndoxine hydrochlonde were used 


Table II 

Effect of Level of Indole and Anthranihc Acid and Buffer Used on Tryptophane 

Activity* 



Acetate buffer 

Phosphate buffer 


Indole 

Anthranihc acid ^ 

Indole 

Anthranihc aad 

1 

7 Per tube 

2 5 

■■ 

65 

98 

56 

2 6 


69 

98 

48 

5 0 


66 

86 

40 

5 0 

■eH 

67 

86 

40 

7 5 

1 100 

' 55 

75 

42 

7 5 

1 98 

60 

77 

41 

10 0 


59 

72 

36 

10 0 


56 

SO 

38 


* In these tests a casein hydrolysate medium plus cjstine was u&ed and 20 y of 
pyndoxine hydrochlonde were added per tube 


Comparative Effects of Pyndoxine, Pyridoxal, and Pyruloxaminc — 
series of experiments was conducted with mdole and anthranilic acid m 
which pyndoxme was added at Ie^ els wduch langed fiom 0 to 40 7 per tube 
Indole and anthiamhc acid were added at levels of 5 7 per tube and the 
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pel cent tryptophane activity observed The activity increased with 
higher levels of pyiidoxme and leached a maxnnum with 15 to 20 7 of 
pyiidoxine added per tube Expeiunents ueie then conducted with pyn- 
doxine, pyiidoxal, and pyiidoxaimne and the lesults are shoivn in Table 
III The lattei two vitamin Be derivatives were much more active than 
pyridoxme, which is in agreement ivith then lelative activities for other 
metabohc reactions (14, 15) Pyridoxamme was somewhat more active 
than pyridoxal Similai tests conducted mth anthiamlic acid showed that 

Table III 

Relative Effects of pT/ridoxinej Pyrtdoxalj and Pyridoxamme on Tryptophane Activity 

of Indole 

An acetate buffer w as used with the punfied ammo acid medium 5 7 of indole 
■vs ere added per tube Pyndoxal, pyridoxine, and pyndoxamine were added as the 
hydrochloride The amounts indicated are not calculated back to the free base 


Pyndoxme 

Tryptophane 

activity 

Pyridoxal 

1 

Tryptophane 

activity 

Pyridoxamme 

Tryptophane 

activity 

Autoclaved mth medium 

7 per iuhe 

per uni 1 

7 ptr luhe \ 

per cent ' 

7 per iube 

per cent 

0 5 

10 

0 005 ! 

7 

0 005 ' 

49 

1 

13 

0 01 

14 


72 

2 

28 

0 02 

63 


99 

5 

51 

0 05 

75 

0 05 

114 

10 

72 

0 1 

83 

0 1 

116 

20 

87 

0 5 

113 

1 0 5 

107 

40 

85 

1 0 

107 

i 1 0 

116 


Added to medium after autoclaving 


1 

3 


49 


65 

2 

10 


73 


83 

5 

29 


101 


103 

10 

45 

0 05 

99 

0 05 

107 

15 

55 

0 1 

99 

0 1 

100 

20 

59 





40 

64 






the comparative effectiveness of pyndoxme, pyridoxal, and pyridoxamme 
was approximately the same as that for mdole 

As m the fiist experiments, occasionally a 1oa\ activity (less than 10 pei 
cent) was obseived when no vitamm Be had been added In these cases, 
this amoimt was subti acted from the value obtained at any level of vitamin 
Be derivative m ordei to expiess all data on a compaiable basis 
Smce pyridoxme has been shown to be conveited to some extent to 
“pseudopyndoxme/’ now kno\vn as pyridoxal and pyridoxamme, by heat- 
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ing with amino and keto acids (16-*19)/ other experiments were earned out 
in which the vitamm was sterilized separately and graded quantities added 
to the medium aftei autoclavmg As was expected, the effectiveness of 
pyiidoxme was greatly reduced (Table III) Pyridoxal and pyndoxamine 
^^ele moie active, which would suggest that either they are conveited to 
some extent to pyndoxme dunng autoclavmg oi aie partially mactivated 
These data offei fuithei evidence that pyndoxal and pyndoxamme func- 
tion most effectively m the transfoimation of mdole to tryptophane 
The activity observed for mdole was frequently over 100 pei cent of the 
theoietical This suggests that Lactohacilhis arabtnosus has a limited 
capacity to synthesize the indole nucleus under ceitam conditions This 
obseivation has also been repoited by otheis (4, 5) The vanabihty in 
tiyptophane activity of mdole repoited by vaiious mvestigatois (3-7) can 
apparently be explamed by the fact that different levels of pyndoxme were 
used m the basal media 


DISCUSSION 

These studies demonstiate another metabolic piocess m which vitamin 
Be functions Umbreit and associates (11) have recently demonstrated 
a maiked mcrease m the activity of a cell-free pieparation of Neurospora 
for the tiansfonnation of indole to tiyptophane when pyndoxal phosphate 
was added Thus, vitamm Be appeals to function m a similar mannex for 
both Lactobacillus arabtnosus and Neurospora m this synthesis 

The actual pathways by which anthramhc acid and mdole are converted 
to tryptophane are unkno^vn The effects of seime and acetate suggest 
that they may serve, at least m part, as constituents of the side cham of 
tryptophane Lyman (2) has sho^^^l that acetate and CO 2 favor the syn- 
thesis of othei ammo acids by Lactobacillus aiabinosus The effect of 
other ammo acids, such as glycme, as well as the effect of CO 2 may afford 
additional mformation on the pathways of tryptophane synthesis from in- 
dole and anthramhc acid by this organism 

smiMARx 

1 Vitamin Be is necessaiy for the metabohe conversion of mdole and 
anthramhc acid to tiyptophane by Lactobacillus arabviosus 

2 Pyndoxal and pyridoxaimne are much more active than pyndoxme 
for this tiansformation The mfluence of pyndoxal and pyndoxamme 
was mcreased when added to the medium after autocla\nng, ^^hlle that 
of py^ridoxme was decreased 

3 Seime and acetate appear to mcrease the activity’’ of mdole and an- 
thranihc acid 
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THE COMPOSITION OF FLAXSEED MUCILAGE^ 

By ERNEST ANDERSON and H \RRY J LOWE 
{Fro7n the University of Arizona, Tucson) 

(Received for publication, January 20, 1947) 

Flaxseed mucilage contains d-galactuionic acid, Lrhamnose, Z-galactose, 
and d-x3dose On pai tial hydrolysis it yields an aldobiomc acid in which 
the d-galactuiomc acid is attached by a 1 2 linlmge to Z-ihamnose (l~-7) 
Neville (2) piepaied the mucilage in yields as high as 6 3 per cent He 
desciibed it as a white powder with [a]^ = +10 79°, giving by alkaline 
titiation an equivalent weight of 710 He leported that the ash contamed 
calcium, potassium, magnesium, non, and phosphoms Tipson, Christ- 
man, and Levene (6) found that when the viscous mucilagmous solution is 
heated for a shoit time in a boihng 1 per cent solution of hydiochlonc acid 
the viscosity decreases greatly and the solution can be filteied rapidly 
through cloth They prepared the ash-free mucilage by this procedure 
This mvestigation is an attempt to determine the peicentages of the 
various constituents in the mucilage and the order in v hich they are lib- 
erated dunng hydrolysis 


EXPERIMENTAL 

Preparation of the Mucilage — The unchanged mucilage vas prepared 
from freshly cleaned flaxseed as desenbed by Neville (2, 7) When the 
thick extract v as poured into 5 volumes of ethanol ivithout stirnng, a white 
fibrous mass soon lose to the suiface, leavmg the heainei impurities below 
This mass was lifted out and added to fiesh ethanol and later filtered at 
the pump It was washed vath. ethanol and ether and dned rapidly in 
vacuo 

The ash-free mucilage, or Imseed acid, was prepared rapidly and easily 
directly fiom flaxseed by a sbght modification of the procedure of Tipson, 
Christman, and Levene (6) Clean flaxseed was nuxed in a large flask 
with 4 times its w^eight of w ater and allow ed to stand for 24 hours The 
mixture w^as then heated m a bath of boiling water until the temperature 
mside the flask was 80° Sufficient concentiated hydrochlonc acid, mixed 
with 2 volumes of w ater, w as then added to make the solution 2 per cent 
acid and the heating at 80° w as contmued for 3 minutes The hot solution 
was filtered rapidly, at the pump, through several layeis of cloth and the 
seed was washed twace with water The filtrate was immediately added 

*This investigation was earned out during 1943-45 while Ilarr^ J Lowe was 
studying for the degree of Master of Science 

2S9 
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to 5 volumes of ethanol and the product isolated as previously described 
The yield was 5 8 pei cent of white, fluffy hnseed acid On standing, an 
additional 0 4 per cent settled out of the alcohol However, it was higher 
in ash and poorer in quahty than the mam preparation 
Analysis of Flaxseed Mucilage and Its Acid — The mucilage and its fiee 
acid were analyzed for ash, uromc acid anliydnde, xylan, ihamnosan, ga- 
lactan, [a]^, and the equivalent weights were calculated from the per 
cent uromc anhydride and determined by alkaline titration of the fiee acid 
The results of the analyses aie given in Table I Most of the de- 
terminations w^ere made by standard methods and need not be desciibed 
Xylan and ihamnosan w^eie determined from the phloioglucides by the 
method of Tollens and EUett (8) Many mvestigators have been unable 
to obtam satisfactoiy results wuth this method It does not seem sound 
theoietically, smce it is based on the assumption that mixed phloroglucides 
of furfural and methyl furfural are not formed w^hen a rmxtuie of the tivo 
furfurals is treated with phloroglucmol The foimation of plastics by 
phenols and vanous fuifurals suggests that this assumption may not be 
correct (9) In the present investigation extraction of the phloioglucides 
Avith 95 per cent ethanol m the Tollens-Ellett procedure left laige amounts 
of ihamnosan phloroglucide undissolved This would be expected if 
mixed phloroglucides of the two furfuials, similar to plastics, w^eie formed 
when phloroglucmol is added to a mixture of the two furfurals When the 
galactan m hnseed acid and the salts of the aldotnomc acids weie deter- 
mmed by oxidation to mucic acid wnth mtnc acid as directed by van dei 
Haar (10), exactly 1 mole of galactan w^as m each case obtained for each 
equivalent wmght of the acid that was being oxidized T\Tien the pei cent 
galactan was calculated by difference between 100 and the sum of the othei 
percentages, it agreed closely wath the experimental determmation The 
mucic acid must come in part from d-galacturonic acid and in pait fiom the 
Z-galactose since it is known that neither of these, when m combination, 
IS oxidized quantitatively by nitiic acid to mucic acid 

Comments on Table I — ^The results are calculated to the ash-free basis 
Dunng the investigation many preparations of the mucilage and the fiee 
acid were analyzed These matenals cannot be purified in the usual sense 
of the word When they aie hydrolyzed by heatmg with a dilute acid, 
varymg amounts of an insoluble residue remain This consists in part of 
polymerized furfural and in part of matenals that passed into colloidal 
solution dunng extraction of the seed and w^eie precipitated with the 
mucilage The equivalent w^eight of different preparations of the mucilage 
varied considerably, dependmg on how clean the seed w^as and how^ much of 
this foreign matenal was present The high equivalent w^eight, 731, of 
this sample of mucilage is due to the presence of these impurities Much 
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of this foreign material is removed by conversion to the free acid, smce the 
eqmvalent weight of the acid, 639, is near the theoretical eqmvalent weight, 
634 If the percentages of uronic acid and \ylan plus rhamnosan, 26 4 
and 39 6, in the mucilage are corrected for this foreign material, they 
become 30 46 and 45 66, which approximate the theoretical percentages of 
the fiee acid 

Difficulty was met m gettmg checks m the uromc acid termination both 
of the mucilage and of the free acid 


Table I 

Analysis of Flaxseed Mucilage and Its Free Acid 



; j 

Mucilage j 

Free acid 

: j 

Found 

: (a) 

Found values , 
calculated to 
free acid* 

m j 

Found 

Theory 

Ash,% 

' 0 87 


0 91 

0 00 

CO 2 , % 

i 6 02 

6 94 

6 88 

6 94 

Uromc acid, % 

26 40 

30 46 

30 33 

30 60 

Xylan, % 

1 27 20 

31 36 

32 55 

20 82 

Rhamnosan, % 

i 12 40 1 

14 30 

11 75 

23 03 

Xylan + rhamnosan, % 

’ 39 60 

45 66 

44 30 

43 85 

Equivalent weight from CO 2 

731 1 

634 

! 639 00 

634 00 

“ “by titration 



653 00 

634 00 

[ajo, degrees 

+10 78t 

+12 08 

I +11 9 


Insoluble residue, % 

i 


1 76 

0 

Gaiactan by difference, % ! 

1 

23 88 

23 61 

i 25 55 

“ “ mucic acid, % , 



! 29 30 

1 

25 55 


* The data in column (a) multiplied by 731/634 give the values in column (b) 
f This value was reported by Is^eviIIe (2) for a mucilage with an equivalent eight 
710 


The per cent xylan was always much highei and of rhamnosan much 
lower than the theory However, the sum of these two percentages found 
checked closely the theoretical sum of the two It may be that when 
phloroglucmol is added to a mixture of the two furfurals mixed phlo- 
rogluGides are foimed which cannot be separated by extraction wuth 95 
per cent ethanol Since, as wull be shown later, the aldotnonic acid formed 
by partial hydrolysis of the mucilage contains 1 mole of rhamnosan for each 
equivalent weight and approximately 1 mole of xylan was h 3 ^drolyzed off, 
it appears that in the linseed acid the xylan and rhamnosan are present in 
molecular proportions 

The mucilage is chiefly the calcium salt of linseed acid Its eqm\alent 
weight should be 654 The found for the mucilage was reported by 
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Neville to be +10 78^ and the equivalent eight 710 This would cor- 
respond to [a]^^ = +12 08® for the hnseed acid, which uas found expen- 
mentally to be +11 9° 

Since ci 3 ^stalhne d-xjdose, Z-galactose, and Z-rhamnose were repeatedly 
obtained from the sugai S 3 ''rups and no evidence of anj'' other sugars v as 
obtained, the results summarized m Table I, together iMth those given 
later m Table II, indicate strongly that the ash-free mucilage or hnseed acid 
IS composed of molar eqmvalents of d-galacturomc acid and each of the 
above thiee sugars 

Tests foi Othei Sugai s — ^Non-cry stalhne sugar syrups obtained after 
heatmg the mucilage for 10 hours \\ith a 4 per cent solution of sulfunc 
acid and removal of some crj^stallme cZ-xylose and Z-galactose did not fer- 
ment when treated with oi dinar}’' yeast and gave no mannose phenylh} dra- 
zone when treated with phenylhydrazme in the cold These syrups stiU 
contamed large amounts of cZ-\ylose and Z-galactose as shovm by the Ber- 
trand and mucic acid tests Also the non-crystalhne syrup remaining 
after isolation of Z-galactose from the aldotiiomc acid shoi\ed no fermenta- 
tion vuth ordinary yeast but did gi\e the mucic acid test for galactose 
The common sugars feimentable by ordmaiy ^’’east aie thus absent No 
positive evidence of any sugar, except the three already descnbed, has been 
obtained 

Hydrolysis of Mucilage — ^Previous work (3) has shovm that Z-ihamnose is 
attached directly to the d-galacturomc acid and is the last sugar hberated 
dunng hydrolysis of the mucilage To determine which sugai is first 
hberated the mucilage was fiactionally h^’^diolyzed and the free sugar sep- 
arated from the lesulting aldotiiomc acid Duiing these fractional 
hydiolyses it was not possible to hberate all of the first sugai that is freed 
and none of the second sugar Mixtures of sugai acids lesult, some con- 
taimng all three sugars, some with tu o sugars attached, and some with 
only the Z-rhamnose Furthermore v hen a bivalent metal such as banum 
IS used, nuxed salts containing two diffeient acid ladicals attached to the 
same positive ion are precipitated by addition of alcohol After many 
fractional hydrol 3 ''ses, the foUoumg procedures showed that d-xylose is the 
first sugar hbeiated and that the aldotriomc acid consists of d-galacturomc 
acid, Z-rhamnose, and Z-galactose 

Hydiolysis with Sulfuric Acid and Isolation of d-Xylose — ^At different 
tunes several lots of linseed acid were dissolved m 24 times theu v eight of a 
4 per cent solution of sulfuric acid and heated to 80° foi 4 hours Aftei 
neutrahzation mth baiium carbonate, the solutions were filteied from 
banum sulfate and the filtrates v ere concentrated in vacuo The banum 
salts were separated from the sugar b}^ precipitation with alcohol The 
salts were puiified by dissohang in water and reprecipitating with alcohol 
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Tine alcohol solutions of the sugars weie concentrated zn vacm and fieed 
of small amounts of salts by addition of alcohol When the sugar symps 
were dissolved m glacial acetic acid, crystalhne d-\ylose v as obtained m all 
cases On analysis, the banum salts showed eqmvalent weights, calcu- 
lated fiom the pel cent caibon diovide, that varied between 510 and 550 
Since the equivalent weight of the banum salt of an aldotnomc acid con- 
sistmg of d-galacturomc acid, f-rhamnose, and f-galactose should be 570, it 
IS evident that all of the d-xylose and some of the Z-galactose had been 
freed 

For example, in one case 50 gm of linseed acid were hydrolyzed and the 
salts and sugar syrup iv ere isolated On analysis the sugar syrup was found 
to contam 8 76 gm of xylan and 0 878 gm of galactan and no rhamnosan 
These weights correspond lespectively to 17 5 and 1 75 per cent of the 
origmal hnseed acid Smce this acid contained approximately 21 per cent 
xylan and 25 pei cent galactan, it is evident that most of the xylan and a 
small part of the galactan w^ere free in the sugar syrup On analysis, the 
banum salt gave noxylan, 29 2 per cent rhamnosan, 8 58 per cent carbon 
dioxide, and had an eqmvalent weight of 518 

Hydrolysis with Hydrochlonc Acid and Piepaialion o/ Aldotnomc Acid — 
Numerous hydiolyses of the hnseed acid ivith a 2 per cent solution of hy- 
drochloric acid showed that heatmg foi 1 hour at 80® gave an aldotnomc 
acid composed of d-galacturomc acid, f-ihamnose, and Z-galactose In 
these hydrolyses the Imseed acid was dissolved m 24 times its w eight of 
water and pressed through cloth to lemove any lumps The solution was 
then heated to 80° Sufficient concentrated hydrochlonc acid to make 
the solution 2 per cent acid w'as mixed with twice its volume of water and 
heated to 80° The tw'o solutions weie mixed and the heating at 80° was 
continued for 1 hour The solution was then rapidly neutiahzed In 
some experiments sodium hj'’droxide solution was used to neutralize the 
acids In other experiments a hot strontium hydroxide solution w as used 
for this purpose The latter is the more satisfactory, since the strontium 
salts are less soluble and lequue less alcohol for piecipitation The salts 
w ere precipitated by addition of the solution to alcohol The coi responding 
sodium and strontium salts of the aldotnomc acid weie freed of chlorides by 
washmg w'lth 85 per cent alcohol The results obtamed on analysis of 
these salts are given m Table II 

When the filtrates from the preparation of the aldotnomc acids w ere 
analyzed, approximately 18 per cent of the w eight of the hnseed acid used 
appeared as xylan and 1 5 pei cent as galactan No rhamnosan was found 
m the filtrates Smce these percentages correspond to most of the xylan 
present m the hnseed acid and onl}' a small part of the galactan, the re- 
sults indicate that d-xylose is the first sugar hberated 
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Comments on Table II — The theory is calculated for the salts of an 
aldotnomc acid composed of d-galacturomc acid, Z-rhamnose, and Z-ga- 
lactose All of the xylan should have been hydrolyzed off However, m 
the rhamnosan determination some of the phloroglucides did not dissolve 
and there probably were small amounts of xylan present This could have 
been furfural from the galacturomc acid 

The galactan determination was earned out by the van der Haar method 
The results have been discussed 

In general the banum or strontium salts of sugar acids with a free sugar 
group give high values for the metal It may be that the sugar group, 
possibly in the enohe form, reacts Avith some of the hydroxide This would 
explain the high percentage of strontium in the salt 


Table II 

Arialyses of SodiU7n and Strontium Salts of Aldotnomc Acid from 
Hydrohjsts of Linseed Acid 



Sodium salt 

Strontium salt 

Found 

Theory 

Found 

Theoiy 

Carbon dioxide, % 

8 39 

8 40 

8 10 

8 08 

Uromc acid, % 


36 84 

35 53 1 

35 45 

Equivalent weight 

524 

524 

543 0 

545 

Rhamnosan + xylan, % 

27 45 

27 86 

28 50 

26 78 

Galactan, % 

31 50 

30 9 

31 SO 

29 72 

Sodium or strontium, % 

4 25 

4 39 

9 20 

8 03 

Wd> degrees 

1 

+62 0 


+60 



The great mcrease m dextrorotation of the hnseed acid dunng hydrolysis 
is probably due m part to depolymenzation of the complex molecule rather 
than simply to the hberation of d-xylose 
Hydrolysis of Aldotrionate and Isolation of l-Galactose — ^36 gm of stron- 
tium aldotnonate were heated for 4 hours in a bath of boilmg water with 
1 htei of 4 pel cent sulfunc acid The solution was neutrahzed vnth 
banum caibonate, decolonzed mth carbon-black, and concentrated m 
vacuo to 200 cc The concentrate was added slowly to 6 volumes of alcohol 
and the barium aldobionate was filtered off, redissolved m water, and again 
precipitated by ethanol The ethanol sugar solution was concentrated in 
vacuo to a small volume and taken up m ethanol to remove small amounts 
of banum salts The gum sugar finally obtained weighed 11 gm It was 
stirred m a bath of boiling water with 1 cc of water Then 6 cc of glacial 
acetic acid were added and the stirnng was contmued until all dissolved 
The solution was cooled and seeded with Z-galactose In a short time the 
solution became sohd with crystals The first crop weighed 2 5 gm and 
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the second crop 0 25 gm The filtrate from the second crop was diluted 
with ethanol This precipitated some gummy banum salt After con- 
centratmg the filtrate, a third crop of Z-galactose was obtamed which 
weighed 0 25 gm The total yield of crystalhne Z-galactose was 8 3 per 
cent The first crop of crystals, after addition of 1 drop of ammoma, 
showed [a] ^ == —78 8° On oxidation with mtnc acid this gave mucic acid, 
melting at 216° This hydrolysis of strontium aldotnonate has been re- 
peated many times, always mth approximately the same results The 
yield of crystalhne Z-galactose vanes from 5 5 to 8 5 per cent of the aldo- 
tnonaje used The theoretical yield should be 33 per cent There is 
certainly considerable loss of the sugar m the precipitates and during decol- 
oration and some remains m the non-crystalhne syrups 

In one case m which the sugar stood some days with glacial acetic acid 
before seedmg, 1| mmutes after solution the first crop of crystals showed 
= —120° and 2 mmutes after solution —110° In approximately 
10 mmutes [a]^ = —90° When a drop of ammoma was added = 
—78 8° This mutarotation mdicates that the sugar, under these con- 
ditions, crystallizes m the a form, [a]^ = — 145° 

The preparation of Z-galactose as descnbed by Anderson (4) often yields 
chiefly d-xylose because the two sugars are present m the hydrolysate 
This difficulty can be avoided by first prepanng the strontium salt of the 
aldotnomc acid, thus removing the cZ-xylose, and afterwards hydrolyzmg 
the aldotnomc acid and isolatmg the Z-galactose In this preparation it is 
not necessary to isolate the mucilage The flaxseed is extracted for 3 
minutes at 80° ivith a 2 per cent solution of hydrochlonc acid The hot 
solution is filtered fiom the seed and the heatmg at 80° is contmued for 
55 minutes The hot solution is carefully neutrahzed with a hot strontium 
hydroxide solution and the strontium aldotnonate is precipitated by addi- 
tion to 6 volumes of ethanol It is then purified and the Z-galactose 
hberated 

Heating Linseed Acid to 50° for 3 minutes in 2 Per Cent Solution of Hy- 
drochlonc Acid — 10 gm of hnseed acid were dissolved in 700 cc of uater 
and the solution was heated to 80° To this were added 300 cc of a solution 
contaimng 45 cc of concentrated hydrochlonc acid which had been heated 
to 80° The heatmg at 80° was contmued for 3 minutes At this tune the 
solution had lost its high viscosity and could be poured rapidly through 
cloth It was cooled m an ice bath to 30° \\nthm 3 mmutes and sodium 
hydroxide solution was carefully added until the solution was slightly 
acid At this time the solution was viscous, like flaxseed mucilage It was 
poured mto 12 volumes of ethanol and the flocculent precipitate vas iso- 
lated and washed wnth 85 per cent ethanol imtil free of chlondes A 
carbon dioxide determination showed an equivalent weight of 670 The 
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alcoliol filtiate ^^as concentrated in vacuo Pentosan and uiomc acid de- 
terminations sho\\ed that it contained no moie than traces of xylose or 
galactiuomc acid Evidently the mucilage undergoes no appreciable 
change in composition undei these conditions 

St) iictiae of Flaxseed Mucilage — .\j5ide from the piesence of a 1 2 linkage 
between the d-galacturomc acid and Z-rhamnose, httle is kno\\n of the 
stmcture of the unchanged mucilage It seems to be composed of a senes 
of polymeiized molecules of an aldotetromc acid contaimng d-galacturomc 
acid, Z-ihamnose, Z-galactose, and d-xylose It does not reduce Fehhng^s 
solution Its physical properties lesemble those of staich to a considerable 
extent This suggests that it may have some foim of a blanched chain 
structure AAdiile cZ-\ylose is the first sugar hbeiated, this does not imply 
that the three sugars form a chain \\ ith the Z-galactose in the middle The 
lepeatmg umt may be the aldobionic acid with the Z-galactose and cZ-xylose 
as side chains oi it may be the aldotrionic acid wnth the d-x^dose attached 
as a side cham in the furanose foim Work is now in progress on the oxi- 
dation of the aldotrionic acid to a dibasic acid w^hich should throw further 
light on the structure of the mucilage Probably the first step in the 
hydrolysis of the mucilage consists in depolymeiization of the laige ag- 
gregate because heating to 80° m a 2 pei cent solution of hydrochloric acid 
for some time is necessary before appieciable i eduction of Fehling’s solution 
occurs 

STOniAKY 

1 A rapid method for preparing the free acid of flaxseed mucilage, 
hnseed acid, diiectly from the seed is descnbed 

2 Analysis of flaxseed mucilage and linseed acid shows that they are 
composed of molar equivalents of d-galactuiomc acid, Z-rhamnose, Z-ga- 
lactose, and cZ-xylose 

3 During hydrolysis of the mucilage d-\ylose is the first and Z-galactose 
the second sugar to be hbeiated 

4 An aldotiiomc acid composed of molar equivalents of d-galacturomc 
acid, Z-ihamnose, and Z-galactose has been isolated 

5 An impioved method foi preparing Z-galactose fiom the mucilage is 
descnbed 

6 Flaxseed mucilage seems to be the salt of a polymerized aldotetromc 
acid composed of molar equivalents of d-galactuiomc acid, Z-rhamnose, 
Z-galactose, and d-xylose The physical properties of the mucilage suggest 
that it has a branched chain structure 
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Simple and reliable methods for the measurement of the concentration 
of therapeutic agents m biological matenals greatly facihtate the study of 
the agent’s physiological disposition, upon which sound therapy must be 
based The mtermediate metabohsm of a therapeutic agent cannot be 
studied in the absence of methods for its estimation And finally, knowl- 
edge of the concentration of an agent m the tissues and fluids of the host, 
animal oi human, is of considerable value m studymg the mechanism of 
drug action Unless the concentration tn vivo of an agent, achieved in a 
specific tissue after therapeutic dosage, is known, the mterpretation of 
studies in vitro with the agent is open to question 

The problem of devising analytical procedures for the estimation of a 
large number of compounds, m connection ivith an antimalanal chmcal 
testmg program, was simphfied by a scheme for the analysis of basic organic 
compounds The prmciples mvolved m this scheme are presented here and 
should be applicable to the development of methods for other basic thera- 
peutic agents The various methods, wth examples to illustrate theu 
sensitivity and specificity, will be descnbed m subsequent papers 

The scheme mvolves the isolation of the compounds from their metabolic 
products and from normally occumng substances by extraction procedures 
The concentration of the compound is mcreased if necessary by retummg 
it to a small aqueous phase The method for the final estimation is deter- 
mmed by the properties of the compound and depends on fluorometry or 
photometry A general tecbmque of appraismg specificity is based on a 
companson of the solubility charactenstics of the pure compound with those 
of the material extracted from the biological material obtamed from a host 
to which the drug has been administered Data obtamed from this com- 
parison may be used to modify the imtial extraction procedure so as to 
separate mterfenng drug metabohtes from the unchanged drug 

* The w ork descnbed in this paper w as done under a contract, recommended bj 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University A portion of this work has appeared m 
abstract form {Federation Froc , 6 , 124 (1946)) 
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The appbcation of this systematic approach to a basic orgamc compound 
mcludes a number of discrete steps winch are desciibed below 

Selection of Method of jUsay 

The simphcity and speed of fluorometiic assay recommend it as the 
method of choice when possible The successful apphcation of this tech- 
mque is limited, howevei, by the available mercury aic mstruments which 
confine the wave-length of the activatmg radiation to the 365, 405, and 
436 m^t Imes Compounds whose fluorescence may be actiA^ated by light 
of other wave-lengths cannot be measured with these mstruments 
Some compounds can be conveited to fluoiophoies by suitable treatment, 
such as oxidation, hydrolysis, oi ultraviolet iiradiation Other methods of 
producmg fluoiescent compounds may also be possible This approach 
has been found especially favoiable Avhen the compound m question has an 
absorption maximum above 300 m^t A nucleai change m the molecule 
may then be accompanied by a shift of its absorption spectrum towards the 
higher wave-length and mto the range of one of the mercury arc emission 
bands 

The fluorescence of the compound in water is measured at various pH 
levels to deterrmne the conditions of maximal sensitivit}^ To deteimme 
whether the compound w^iU fluoiesce with sufficient sensitivity m an orgamc 
solvent, the compound is extiacted into the selected solvent (see later) and 
its fluorescence measured after the addition of 0 1 volume of a 25 pel cent 
solution of trichloroacetic acid m ethylene dichloride 
If fluorescence techniques cannot be apphed, a couplmg reaction to form 
a dye is next tiled Aromatic amines may usually be diazotized and 
coupled with N-(l-naphth3d)ethylenediamme (1) Substituted aromatic 
ammes, if the position paia to the ammo gioup is fiee, may usually be 
coupled rvith diazomum salts to form colored azo compounds (2) Ceitam 
primary ammes, for mstance 2,6-diammopyiidme, rvhich diazotize wnth 
difficulty, may be coupled with diazomum salts The above leactions are 
not subject to mteiference fiom orgamc extractable substances normally 
occurnng m biological matenal Consequently, high sensitivity may be 
achieved by makmg the final photometric measurement m a small volume 
Most oigamc bases foim methyl oiange salts, which are highly soluble 
m certam organic solvents, but relatively msoluble m water Bases may, 
therefore, be assayed mduectly thiough the extinction of then methyl 
orange salts mto an organic phase The methyl orange which goes mto the 
orgamc phase is measmed photometrically (3) This general reaction has 
been used m the design of analytical procedures for a large number of or- 
ganic bases Here, too, m many cases, the final photometric measurement 
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may be made m a small volume The sensitivity of this reaction is limited, 
howevei, by the mterfeien.ce of a small amount of natuially occurrmg sub- 
stances m the plasma 

Although spectrophotometiy m the ultraviolet region lacks the sensitivity 
of the methods of assay pieviously desciibed, it is useful as a final means of 
assay in certam mstances, and as an aid in developing proceduies which 
eventually mvolve othei punciples of assay The absorption spectrum of 
the compound m 0 1 n H 2 SO 4 is mvestigated to deterimne the wave-length 
of the absorption maximum most suitable for quantitative measurements 
A basic compound is usually smted foi measurement m the ultraviolet if 
1 7 pel ml results m an optical density of 0 050 01 more at some wave-length 
above 240 m/i 


Extrachon of Cofiipound from Aqueous Solution 

The solvents that have been used m the pioceduies for basic compounds 
aie, m older of dimmishmg polanty, ethylene dichloride, benzene, and pe- 
troleum ether or heptane Technical grades of these solvents have been 
found qmte satisfactory provided that contammants aie first removed by 
acid and alkahne washes Most petroleum ethers have been found to be 
unsuitable when the fluorescence measurement is made directly m this 
solvent because of a high fluoiescence blank Heptane, however, may be 
used m these mstances 

The adsorption of compounds from organic solvents, by glass suifaces, 
may constitute a major source of eiror m the procedures^ described heie 
because of the micro amounts mvolved The extent of this adsorption 
depends on the propeities of the compound and on the polarity of the 
solvent, the adsorption bemg gieatest from the less polar solvents The 
loss IS mmimized by the addition of an alcohol to the solvent before or 
subsequent to the mitial extraction The extent of adsorption of chloro- 
qmne (7-chloro-4-(4-diethylammo-l-methylbutylammo)qumoIme) from 
various solvents, ivith and without the presence of ethanol is shown in 
Table I The data mdicate that moie of this compound is adsorbed from 
heptane, the least polar solvent, and that ethanol minimizes this adsorption 
Some organic bases also are adsorbed on glass from neutral or alkahne 
aqueous solutions Foi this reason standards are routinely made up m 
acid solution The solvent of choice is the one which will extract the com- 
pound quantitatively with the least amount of its mterfermg metabohtes 
To select the solvent and define the pH for the extraction, the fraction of 
the compound extracted from water is measured at vanous pH values (1 to 
14) with each solvent A simple way of domg this is to extract relatively 
large amounts of the drug (m the 01 dor of 10 y per ml ) vith equal volumes 



302 


BASIC ORGANIC COMPOUNDS I 


of solvent and measure the unevtracted residue by ultraviolet absorption 
The solvent of choice is, as is shown later, the least polai one which \vill 
extiact the compound quantitatively 
Recoveries of Known Amounts of Compound from Aqueous Solution — 
Kno^vn amounts of the compound (m the range of 0 25 to 10 7 ) aie extracted 
with the selected solvent and estimated by the method of assay found to be 
the most suitable The amount of compound to be earned through the 
proceduie uoU depend on the sensitivity of the final measurement The 
exact conditions of the procedure will depend of course on the solvent used 
and on the final method of assay These conditions are described m the 
subsequent papers of this senes 


Table I 

AdsoT'piion 0/ Ckloroqmne 07i Glass from Various Organic Solvents 
Duplicate 10 7 samples of chloroquine were extracted from alkaline solution into 
150 ml of solvent After separation of the phases, 2 ml of ethanol were added to 
the organic phase of one sample, the other being used as a control The aqueous 
phase was discarded, and 15 ml aliquots of solvent were removed at intervals and 
analyzed for chloroquine The recovery of chloroquine at zero time is arbitrarily 
designated as 100 per cent 


Per cent recovery of chloroquine 


Time 

From ethylene dichloride 

From benzene 

From heptane 


Without 

ethanol 

With ethanol 

Without 

ethanol 

With ethanol 

Without 

ethanol 

With ethanol 

mm 

0 

100 

100 

n 

mm 

100 


5 1 

OS 

101 



94 

97 

15 1 

99 

100 

■eh 

■sH 

81 

104 

30 1 

97 1 

98 

100 


76 

■EH 

60 

100 

99 1 

106 

■■ 

75 

HH 


Extraction of Compound from Biological Material 

Plasma^ — The handhng of the plasma m the exti action pioceduie vanes 
somewhat vnih the solvent used As a rule, vnth. ethylene dichloiide, the 

^ Certain drugs, such as quinacnne and chloroquine, are greatly concentrated m 
the leucocytes Therefore, special precautions m the preparation of plasma for 
analysis are required Potassium oxalate is used as the anticoagulant The use of 
ammomum oxalate must be avoided because exchange of the ammonium ion with the 
drug concentrated in the leucocytes may result in erroneously high plasma values 
(4, 5) The blood is centrifuged immediately, at 1500 r p m for 30 minutes, and the 
plasma is separated carefully from any solid residuum This procedure is deemed 
advisable in order to remove any possibility of contaminating the plasma sample 
with leucocytes or leucocyte fragments 
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plasma (up to 10 ml volume) is alkalized with 1 ml of 2 5 N NaOH 10 
minutes of shakmg m a glass-stoppered bottle are usually sufficient for 
complete extraction The phases aie separated by trausferrmg the con- 
tents of the bottle to a test-tube, centrifugmg at 3000 R p M , and removing 
the aqueous phase by aspuation The larger volumes of plasma, when 
extxacted with ethylene dichloride, sometimes result m the formation of a 
gel m the oigamc phase The foxmation of these gels is minimized if the 
ethylene dichloride is added first to the bottle and the plasma carefully 
layered on the solvent without preliminary mixmg This pi events the 
foimation of air bubbles at the interface of the two hqmds 

With benzene as the solvent the procedure is the same as with ethylene 
dichloiide except that it is not necessary to transfer to a tube for centrifuga- 
tion, as the two phases usually separate easily or, if necessary, the bottle 
and contents may be centrifuged directly 

When heptane or peti oleum ether is used, the plasma is diluted with an 
equal volume of 0 1 n NaOH and the mixtuie is shaken for 30 mmutes 
Dilution is necessary, smce the plasma otherwise becomes quite viscous 
This may result m mcomplete extraction of the base because of the meffi- 
cient mixing of the two phases When these solvents are used, the two 
phases separate easily, though again it is occasionally necessars^ to centri- 
fuge the bottle and contents 

Certam orgamc bases may be determined directly m plasma filtrates after 
protem precipitation This type of procedure has been described pre- 
viously for the fluorometnc deternunation of quinme (6) It has the ad- 
vantages of speed and simphcity, but it lacks specificity, smce mterfermg 
metabolic derivatives of the compound are not removed In certam cases 
this method may be used routmely as an approximation piocedure, provided 
the magnitude of error mvolved has been assayed by comparison wath an 
extraction procedure of knoivn specificity 

Tissues — ^Up to 2 gm of tissue are added to 5 ml of 0 1 n HCl and groimd 
to an emulsion m an electxically driven homogemzer This homogemzer 
consists of a glass cylindrical cup m which a close fitting ground glass pestle 
is mechamcally rotated ^ Cell fragmentation is complete The emulsion, 
diluted if necessary ivith water, is transferred with a pipette prior to its 
extraction 

Feces — 20 ml of concentrated HCl are added to the feces and the whole 
diluted to 2 liters The mixture is shaken on an automatic shaker until a 
homogeneous suspension results The emulsion is then ready for ex- 
traction 

Unne — ^The urme is handled m the same way as plasma 

^ A satisfactory device is distributed by the Scientific Glass Apparatus Companv 
Bloomfield, New Jersey 
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Recoveries of Known Amoiinis of Cornpouml fwin Biological Material — 
liiiown amounts of the compound aie equilibiated with plasma for several 
houis Aliquots of the plasma ai e analyzed m the same w ay as the aqueous 
solutions desciibed above Occasionally the lecoveiies fiom plasma are 
mcomplete, even though iccoveiies horn watci under similai conditions aie 
qu intitative This is due to bmdmg on plasma constituents 

The foUowmg should be tiled (a) The plasma is adjusted to the lowest 
pH winch has been shown to allow complete extraction of the compound 
fiom watei The binding of oiganic bases on plasma constituents is 
mmimized at the lowei pH values Foi mstance, a laige senes of dialkyl- 
ammomethylmetlianol deiivatives of phenanthiene, c g , SN 1796^ (a-(di- 
amylammomethyl)-9-(l ,2,3,4-tetrahydiophenanthrenemethanol)) can be 
extiacted quantitatively from alkaline iqucous solutions but not fiom 
alkaline plasma Howe\ei, the salts of these bases aie soluble m oigamc 
solvents, and, smce the plasma bmdmg is ie\ eised m an acid medium, com- 
plete extinction is achieved fiom acidified plasma (b) Longer shalong, 
up to 1 hour, may lesult m complete extinction (c) The extinction is 
tried with a moie polar solvent The lesultmg loss of specificity may be 
coriected, if necessary, by letuimng the compound fiom the solvent to 
acid, from which the compound may be extiacted, aftei alkalization, into 
a less polai solvent 

After adequate lecovenes of the compound fiom biological material aie 
achieved, the next step is to deteimme whethei the method is sensitive 
enough foi estimation of the tissue levels after a piesciibed dose The drug 
is adimnisteied m the lequired dosage and the tissue concentiations deter- 
mined If the amounts in a particular tissue aie too small foi estimation, 
the procedure must be revised accordmgly 

Assay of Specijiciiy 

The choice of the pioper solvent is impoitant m deteiminmg the speci- 
ficity of an analytical proceduie Expenence has shown that, as a rule, 
basic 01 game compounds are metabohzed m the body to substances more 
polar than the paient compounds They have, therefoie, lower distribu- 
tion coefficients beUveen oigamc solvents and water than the paient drugs 
This solubihty differential may be exploited to facilitate then separation by 
choosing for the extraction the least polar solvent which quantitatively 
extracts the paient drug Eithei all or a consideiable fraction of the rela- 
tively polar metabohe products may then be left behmd m the mitial 

3 The SN number refers to the number assigned to the compound by the Survey ol 
Antimalanal Drugs, conducted m behalf of the Committee on Medical Research, 
Office of Scientific Research and Development, and the Board for the Coordination 
of Malarial Studies 



nuoDU , tm \ i\iu nd, and dai k 


309 


muuoGUMun 

1 Bratton, V C , ind Mar^h ill, I K , Jr , J Ziioi Chun , 128, 537 (1930) 

J Brodit, B , L<!cufrn.nil , uui 1 IV,/ Biol Chcm ,168,327 (1047) 

3 Urodi^ , B B , vud LticnfricnU, h , / CVic;]i , 168, 705 (1915) 

I \nin Malirj i IK'-i \rch Unit, I niiut^ 1, HI (1915) 

) 1 r \N , ind Hutcluu^'on, M C , / CVini , 26, 091 (1910) 

0 Brotlic, B B , ind Ldtiifncnd, , / Pharjnacol ajidTip /Fhcrap ,78, lo*! (1043) 
7 Brodic, B B , I dtnfrund, S , DiU, W , and Ciicnlun, T , / Biol Chcm , 168, 319 
(VB7) 



308 


BASIC ORGANIC COMPOUNDS I 


The lesults m Table IV indicate that, as expected, the treatment vath an 
alkali T\ash lemoves certam metabohc products of chloroquine from the 
heptane phase, leavmg behmd a substance T\ith solubihty characteiistics 
siimlai to those of cliloioqume 

The mateiial m the alkalme washes was extracted mto 2 volumes of 
ethylene dichlonde and then letumed to 6 ml of 0 1 n HCl 5 ml 
aliquots of the acid phase were assayed for 4-aiimioqiunolmes The first 
alkalme wash was found to have remo\ed 7 per cent, the second 4 per cent, 
and the thud 2 per cent of the total 4-ainmoqumohnes From this it may 
be concluded that mth no washes of heptane extract of plasma the erroi due 
to the mteiference of metabohc products amounts to about 13 per cent, 
With one wash 6 per cent, and vath. t^vo ashes about 2 per cent Similar 
results i\ere obtamed ^^nth plasmas fiom a number of patients to ^^hom the 
dmg had been administered 

It must be emphasized that an mdication of specificity m the case of 
plasma does not necessarily mdicate a similai specificity for unne and tis- 
sues Many methods which have been foimd to be specific m the case of 
plasma leqmie an additional step to lemove mterfeiing derived products 
piesent_m mine and organ tissues Fuitheimore, the specificity of a par- 
ticulai method apphed to one species of ammal may not carry over to 
another one 


SUMJL\RY 

A scheme for the analysis of basic orgamc compounds m biological mate- 
rial, utilizmg a number of simple general reactions, is desciibed This 
scheme piovides for the isolation and concentiation of compounds by 
extraction of the free base mto an organic solvent, and thence mto an 
aqueous phase The oigamc solvent selected should exploit the findmg that 
metabohc products of orgamc bases aie commonly more water-soluble than 
the parent substance Consequently the solvent of choice is one m which 
the compound is least soluble provided quantitatn e extraction is aclueved 
A large fraction of the metabohc products may thus be left behmd m the 
imtial extraction, the lemamder lemoved by suitable washes Extensive 
adsorption of organic bases on glass surfaces from non-polar solvents may 
be minimi zed by the addition of alcohol subsequent to the imtial extraction 

A general techmque to appraise specificity mvolves a comparison of the 
solubility characteristics of a pure compoimd vnih those of the apparent 
drug exti acted from tissue This examination ;^nelds information on solu- 
bility characteiistics of mterfermg substances which may be used to modify 
the mitial extraction piocedure 

The final measurement is determined by the pioperties of the compound 
and mvolves fluoiometry or imcrophotometry 
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other fluorescent bases aie the same m pimciple but may cliff ei m the choice 
of solvent, achievement of specificity, and the pH and filter system that will 
yield the maximal fluorescence These pertinent details foi some fluores- 


Table I 

Data on Basic Organic Compounds That Can Be Eslimaled by Fluorescence, Double 

Extraction Method 


Compound 

Solvent 

pH of maximal fluorescence 

Filter system 
(Coleman 
Alters) 

Specifiaty 
(human pla^na) 

Quinacrine 

Petroleum 

ether 

9 5 

B 4 -PC 9 

See foot-note 3 

SN 5228 2.Me- 

thoxy - 6 - chloro-! 
9 - (2 - diethyl- S 
aminoethyl- 
amino) acridine 

“ “ 

1 (0 1 N HCl) 

it 

Specific 

SN 5341 2-Me- , 

thoxy - 6 - chloro- 
9 - (4 - diethyl- ' 
aminobutyl- ' 

amino) acridine 

If tt 

1 

1 

9 5 

tt 

Not examined 

SN 9627 2-Me- j 

thoxy - 6 - chloro- 
9 - (8 - diethyl- | 
aminooctyl- 
amino) acridine 

Ethylene 

dichlo- 

ride 

9 5 

tt 

Specific 

SN8439 9-(4-Di- 

ethylamino - 1 - 
methylbutyl- 
amino) acridine 

If (t 

9 5 

it 

I Not examined 

SN8442 3-Chloro. 
9 - (4 - diethyl- 
amino - 1 - me- 
thylbutylamino)- 
acndine 

tt tt 

! 9 5 

1 

1 

i 

tt 

fC tt 

Quinine 

Benzene 

1 (0 1 N H 2 SO 4 ) 

Bi-PCi 

Specific 

Qmmdine 

If 

; 1 (0 1 ) 

If 

it 

SN6520 1-Naph- 
thol - 2 - (dime- 
thylamino) me- 
thane 

f c 

1 14 (1 N NaOH) 

1 

1 

i 

1 

BiS-PCi 

Not examined 


cent basic compounds which have been tested as antimalanals m this 
laboratory are presented m Tables I and II 

Filter System — ^The choice of filter system depends on the wave-length of 
the exciting hght, on the sensitivity requirements, and on whether mter- 
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fcruig {Uu)rc>ccucc don\ud from the normd biological material is present 
Ihc filter combnLil 1011*1 dox nbed below have been used in tins laboratory 
but other combm m vy be e<iu dl> bvul vblc 

V Corning iMltcr 5S7 (Coltm in, IbS) ib iibcd to isolate the 3G5 m/r line 
llic rc^uUing lluore^tni light is ti insmittcd thiough a combination of 
Corning Filter*? 3381) md 1308 (Colcmin, PCi) The sensitivity of the 
mc^iMircincnt miy be reduced by isoIUmg the ictivatmg line with a filter 
pirti illy co\ered by r ncuti il screen (Coleman, BO V furthei reduction 


ivnn II 

Data on Da%xc Onjanic Compniinds lhal Can Be Liiimatcd 6t/ t^^uorc^>ccricc> 

/ xIrucUoa ^fclhod 


Cciaipoaacl 

Solvent 

1 liter s>stcm 

Specificity 
(humaa plasma) 

Quinacnac 

ilcplanc 

Bs PC» 

See foot note 3 

SX 522S 2 Mctho\> h chloro 9 

(3 - dieth>l innnocllolannno)- 
iicriduiG 

ts 

(( 

Specific 

SX 9627 2 Mclhoxy 6 chloro 0- 

{S djctb>laminooct>limuno)acn- 
dine 

Lthyicne di- 
chlondo 

tl 

ti 

SX SS'U 2-MctUo\y 6 chloro 9- f 
(4 - dicthyUmmobutyHmino)- 
acndine 

Heptane 

tl 

i 

it 

Quimnc 

Benzene 

Bi-PCi 

It 

Quinidino 

il 

It 

ti 

SN 9819 C Metho\y-2-phcnyl a- 
2 - (piperidyl)-l - qumohnemeth- 
anol 

Ethylene di- 
chlondo 

it 

\ Not examined 

SN 2157 6 Metho\y i)f(2-pipondyl)- 
4 quinolincmethanol 

1 tc it 

ti 

it it 

SN 3201 ‘l-(4-r)icthylamvao-l- 

cthylbutyiaimno) - 6 - mothoxy- 
qmnohne 

a it 

it 

It it 


of the sensitivity may be achieved by transmitting the fluorescent light 
through a Corning Filter 3385 (Coleman, PCO 
A Coming Filter 5113 (Coleman, BO is used to isolate the 405 and the 
436 m/i lines The resultmg fluorescent light is transmitted thiough a 
Corning No 3385 (Coleman, PCg) filter When fluoiescence measure- 
ments are taken in an orgamc solvent, the 436 m/i Ime is isolated with a 
combmation of Coming Filters 5113 and 3389 (Coleman, B 2 ) This filter 
combmation may result m a sensitivity less than ivith Filter 5113 alone, but 
it excludes blank fluorescence denved from the biological sample 
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Procedure for Quinacnne 

Reagents — 

1 Standaid solution of quinaciine, 100 mg pei liter 127 mg of the 
dihydiochloiide dihydiate salt aie dissolved in 1 htei of 0 1 n PICl This 
solution is stable when stoied m the lefrigerator* Woikmg standards 
are piepaied daily by dilution vnth 0 1 n HCl 

2 0 1 N NaOH 

3 Petroleum ethei A teclmical giade of petroleum ether is purified b} 
successive washmg with 1 n NaOhl, 1 N HCl, and water 

4 Isoamyl alcohol, leagent giade 

5 OInHCI 

6 0 5 N NaOH 1 ml should be neutiahzed by 5 ml of the above 0 1 
nHCI 

7 Buffer reagent, pH 9 5 5 volumes of 0 6 m bone acid m 0 6 m KCl 

are added to 3 2 volumes of 0 6 N NaOH ^Vhen diluted as described m 
the piocedure, the resultmg pH should be 9 4 to 9 6 

Piocedme^ Double Extraction — ^Add 1 to 10 ml of biological sample^ (con- 
tammg up to 1 7 of quinacrme) and an equal volume of 0 1 n NaOH to 30 
ml of petroleum ethei m a GO ml glass-stoppered bottle Shake for 30 
mmutes on a shakmg appaiatus Allow the phases to separate, centrifug- 
mg the bottle if necessary Add 1 ml of isoamyl alcohol, mixmg with the 
petioleum ether so as not to distuib the aqueous phase Transfer 20 ml 
of the petroleum ether phase to a 60 ml glass-stoppered bottle 01 a glass- 
stoppeied test-tube contammg 6 ml of 0 1 n HCl - Shake for 3 minutes 
and then centrifuge foi 2 minutes at low speed Remove the supernatant 
01 game phase by aspiration Tiansfei 5 ml of the acid phase to a fluorome- 
ter tube contammg 1 ml of 0 5 n NaOH and 2 ml of buffer leagent and dha 
thoioughl3^ A “dummy” consisting of acid, alkah, and buffei is used foi 
the blank settmg of the fluoiometei A leagent blank, m which watei is 
substituted for plasma, is lun through the same pioceduie This should 
lead the same as the dummy with pme chemicals 

The standaid is piepared by addmg a knoivn amount of the ding m 5 
ml of 0 1 N HCl to 1 ml of 0 5 n NaOH and 2 ml of buffei m a fluorometei 
tube 

The mtensity of fluorescence of the samples is deteimmed m the Coleman 
photofluorometei 01 other suitable mstiument The filtei system unth the 

1 Organ tissues and feces are emulsified in acid as described in Paper I of this 
senes (4) Qumaenne and other acridines are concentrated in the leucocytes of the 
blood, and therefore special precautions are required in the preparation of plasma for 

analysis (4) , 

2 Halides which quench the fluorescence of quimne and quinidine should be avoiaea 
in their fluorescent measurement 0 1 n H SO* can be used in the case of these com- 
pounds 
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former con^-i^lb of a 2 mm Xo 51 13 Coining (iltci (Coleman, B4) to xso- 
hte the ittu itingcneig\, md Coining Xo 3385 filter (Coleman, PCoA) 
to tmiMint the lO'^ulting fluoic-eent light Standards aic lun with each 
set of unknouns ind the tonccnti itioiib of the Uttci ue estimated m lela- 
lion to thcH; bUndirdb Ihe htiudirds give leadings tint aie diiectly 
proportion il to then tontuiti itiou 
Proctdiirty Single Extraction — 
liuigcnh — 

1 0 1 N X lOlI 

2 Heptane V technical gr idc of heptane is piuificd by successive wash- 
ings \\ith 1 N X lOII, 1 N IlCl, and uatei Petroleum ether is not usedm 
tins procedure because of its high fluorescent blank 

3 Isoamyl ilcoliol, leigent grade 

1 Tnchloro icctic acid solution 25 gm of tiichloroacetic acid are dis- 
sohed in 100 ml of ethylene dichlonde 

Vdd 1 to 5 ml of biological s^imple (containing up to 1 7 of qiunacrme) 
and an ccjual \ oluine of 0 1 n NaOII to 15 ml of heptane in a 60 ml glass- 
stoppered bottle Sh ikc for 30 minutes on a shalong apparatus Allow 
the phases to separate, centiifuging the bottle if necessaiy Add 0 5 ml of 
isoamyl alcohol, mixing with the heptane phase so as not to distuib the 
aqueous phase Transfer about 10 ml of the heptane phase to a fiuo- 
rometer tube containing 1 ml of the tuchloioacetic acid solution A 
dummy consisting of the heptane, isoamyl alcohol, and the tiichloroacetic 
acid solution is used foi the blank settmg of the fluoiometer A reagent 
blank, with watei m place of plasma, is lun through the procedure This 
should lead the same as the dummy mth puie chemicals 
The standard used in calibiatmg the sensitivity of the mstiaiment is pre- 
pared by alkahzmg an aqueous solution of qumacime as above, extractmg 
wnth heptane, and handhng in the same mannei as the biological sample 
The computation of qumacime concentration is by direct pioportion 
The filtei system consists of a Cornmg No 5113 and 3389 combmation 
filter (Coleman, B2) to isolate the activating energy and Cornmg Filter 3385 
(Coleman, PCa) to transmit the lesultmg fluorescent light 

Results 

It IS shown m Table III that qumaerme added to plasma is recoverable 
with satisfactoiy precision, with the double exti action procedure, m 
amounts as low as 0 05 7 Equally satisfactoiy results have been obtained 
with many othei acridmes, as well as with quinine and qumidme 
Table III also contams a summaiy of recoveiies of known amounts of 
qumacime from plasma by the single extraction piocedure The precision 
and sensitivity of the method are sufficient foi amounts of qumaerme as low 



Table III 


Recovery of Quinacnne Added to Plasma 


Quinacnne added 

Quinacnne found 

Recovery 

Double extraction method 

7 


7 

piT cent 

1 0 

1 

00 

100 


1 

00 

100 


1 

00 

100 


1 

04 

104 

0 5 

0 

50 

100 



51 

102 



50 

100 



50 

100 

0 4 


40 

100 



38 

95 


0 

41 

102 


0 

41 

102 

0 3 

0 

29 

97 


0 

29 

97 


0 

29 

97 


0 

29 

97 

0 2 

0 

21 ' 

105 


0 

19 ' 

95 


0 

19 

95 


0 

21 ! 

105 

0 1 

0 

11 1 

110 


0 

10 1 

100 


0 

1 

110 


0 

10 

100 

0 05 

0 

05 1 

100 


0 

05 ! 

100 


0 

045 1 

90 


0 

055 1 

no 


Single extraction method 


1 0 

1 03 1 

103 


0 99 

99 


0 99 

99 


1 00 

100 

0 5 

0 52 

104 


0 50 

100 


0 48 

96 


0 51 

102 

0 3 

0 31 

103 


0 315 

105 


0 29 

97 


0 31 

103 

0 2 1 

0 21 

105 

1 

0 21 

105 

1 

0 21 

105 


0 20 

100 
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IS 0 2 7 Lc^ii ill\ f;oo(l icbults hue been obtT.inc(l for other fluorescent 
cumpoinuis 

Hi pt itcd ui il\ -4.S uin on iiuliviclu il s^imples of plasma and mine stored 
in the icfn^t i ilor i)\u i peiiod of fcc\er il weeks yield lughly leproducible 
results, iiulu iting th it the ding in pki^m i ind mine is stable under these 
eonditions 

Spccijicily — lluri is i negligible imount of interfering fluorescent mate- 
n il in norm il biologu il tissues Ihe extent of mterference by metabohe 
prodiietsol the drug w is studied by the technique described m Paper I of this 
senes (1) Ihis cximinition was nude on petroleum ether extracts of 

I\uii IV 

of Qujjuirriju and ippartiU Quinacrine bcticccii Water and Pelroleuni 
I (her at I arious pll Values 

Die ipj) irtnl <iuiiMrnnL u us ol)t uned b> extraction, with petroleum ether, of 
thu 1)1 ihin I of i pit lent nLtuiiic tlic druj; It was then returned to dilute acid 
Vliquota of tins ^^)IulIon ind of i quin icnnc solution were adjusted to various pH 
\ dues ind h)i ikt n with ciju il volumes of petroleum ether The fraction of the com- 
pounds e\lricted it \ inous pll \ dues is expressed as the ratio of the amount of 
compound in tlie or^ mie pliase to tot il compound 


I,H 

Quinacrine aqueous control 

Apparent qumaerme from 
plasma extract 

7 

0 05 

0 05 

8 

0 50 

0 55 

9 

0 90 

0 90 

10 

0 95 

0 98 

U (i N XaOlI) 

1 1 00 

, 0 97 


plasma obtained fioin patients who received oral doses of the drug, which 
contamed a total of 3 7 of appaient qumacime It is cleai fiom the data m 
Table IV that petroleum ethei extracts of plasma contam httle fluorescent 
material which dilTeis in solubility chaiactenstics by this test from pure 
qumacime ^ Similar results were obtamed with heptane extracts of plasma 

® Results obtained by the analysis of the plasma and urine from patients receiving 
quinacrine are the same as those obtained by the previous method with ethylene 
dichloride as the extracting solvent (2) In the latter method phenolic metabolic 
products of quinacrine were removed by means of an alkaline wash of the solvent 
The use of a less polar solvent m the present method leaves the phenolic metabolic 
products behind in the initial extraction Recent work indicates that a small amount 
of quinacrine metabolic product with solubility characteristics similar to the parent 
compound (Taggart, J V , personal communication) is also measured in the present 
procedure The presence of this product could not be detected by the technique used 
here in assaying specificity This product, w hich was separated from quinacrine by 
a counter-current distribution technique, has ultraviolet and fluorescence character 
istics similar to those of the parent compound The extent of the interference in 
the plasma and urine of humans is of the order of 10 to 15 per cent 
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SUMMARY 

A sunple general method is described which, mth mmor modification, is 
apphcable to the determmation of many orgamc soluble fluorescent bases 
This method has been applied to the estimation of qumacime m biological 
tissues for illustrative pui poses This pi ocedui e pernut s the determmation 
of qmnacrine m amounts as low as 0 05 7 Peitment information foi the 
estimation bj this method of ceitam other antimalaiial drugs is also given 
Qumacrine is isolated from the biological mateiial by an extinction of the 
flee base with petroleum ethei at an alkahne pH The diug is then re- 
turned to acid and buffered to pH 9 5 The concentiation of qumacime is 
measured fluoiometncally 

Higher concentrations of qumacime are measuied diiectly in a heptane 
e\tract after the addition of tiichloioacetic acid 
A compaiison of the solubility characteristics of qumacrine and the 
apparent qumacrine extiacted fiom the plasma of patients who v eie receiv- 
mg the drug mdicates that the method has a high degree of specificity 
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THE ESTLMVTION OF B.VSIC ORGANIC COMPOUNDS 
IN lUOLOGICVL MVTERIAL 

III L'tjlIMMION in CONVLHSIOX 10 FLUORESCENT COMPOUNDS* 

lU HinWUD B BUODIL, SIDNEY UDLNFRIEND, WESLEY DILL, 
\M) rilLODORE CIIENKIN 

(/ rom thi, IhpartmLnl of Utt/icuic, New Yorl University College of Medicine^ and 
the licsuiTch Struct, Third (New Yorl Uniiersity) Medical Division, 
ColdnaUr 1/cmoriaI Hospital ^ New York) 

(HLCLUcd for public ition, January G, 1947) 

Nou-fluorcsccnt orguiic compounds may jueld fluorophores on suitable 
trc^itmcnt, the fluorescence of ^\luch may be used m the design of anal^iiical 
methods For cvimple, tlie 7-chloro-4-aminoquinohnes, an impoitant 
group of intimil irial dnigs, lie changed to fluorophores when subjected to 
uUriMolct irradiition under suitable conditions The resultmg fluoio- 
phorcs arc oxidized witli loss of fluorescence with contmued irradiation 
This, houever, may be prevented and the fluorophore stabilized by irradi- 
iting an iciobicall}’’ or in the presence of cyst erne ^ Many of the 7-chloro-4- 
aminoquinohnes appear to yield the same fluorophore, smee the same 
relationship between molecular concentration and fluorescence mtensity 
lias been noted m all mstances studied The propeities of the derived 
fluorophore have been utilized in the design of methods for the estimation 
of cliloroquine (7-chloro-4r(l-methyW-diethylammobutylammo)qumohne) 
and 1 elated compounds at concentiations as low as 10 y per hter 

The compound is separated fiom the biological material by exti action 
mto a suitable organic solvent at an alkalme pH The solvent is freed of 
drug metabolic products, if necessary, with alkalme washes and the drug 
IS then leturned to dilute acid The pPI is adjusted to 9 5, cysteme is 
added, and the sample is inadiated with ultraviolet hght The concen- 
tration of the compound is estimated by measurmg the fluoiescence of the 
final solution 

The pioceduics foi the vaiious 4-ainmoqumolmes are the same m pnn- 
ciple but may diffei in choice of solvent and achievement of specificity 
The pioceduie foi chloioqume is given m detail below and the pertment 
details for othei 4-ammoqumohnes which have been tested as antimalanals 
aie piesented in Table I 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University A portion of this work has appeared in 
abstract form (Federation Proc , 6, 125 (1946)) 

^ Masen, J M , personal communication 
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Table I 


Data on Baste Organic Compounds That Can Be Estimated by Conicrsion to Fluorescent 

Compound 


ComiKiuiid 

SoU cat 

Spccilicjty for human plasma 

Chloroquine 7 - Chloro-4 - (1 - 
methyl - 4 - diethylamino- 
butylamino) quinoline 

Heptane 

Speciflc after 2 washes of 
heptane extract with 2 vol- 
umes 0 1 X NaOII 

SN 9584 7-Chloro-4-(3-di- 

ethylaminopropylanuno) - 
quinoline ] 


Specific after 1 wash of hep 
tane extract w ith 2 volumes 
0 1 X NaOH 

SN 7135 2-jMethyb7-chloro-*4- * 
(l-methyl-4-diethylamino- 
butylamino) quinoline 

Ethy Icne dichlo- 
ride 

Specific 

SN 7373 7-Bromo-4-(l-methyl- 
4-diethylanimobutylamino) - 
quinoline 

Heptane 

Not examined 

SN 13616 7-Chloro-4.(4 ethyl- 

amino-1 -me thy Ibutyl amino) - 
quinoline 

“ with 

1 5% isoamyl 
alcohol 

t f it 

SN 13425 * 7-Chloro-4-(r-ethyi- 
4'-piperidylamino) quinoline 

(C n 

Specific after 2 washes of 
heptane extract with 5% 
Na.S04 in buffer, pH 11 

SN 135SS 7-Chloro-4-(3 ethyl- 

aminopropylamino) quinoline 

Heptane 

Not examined 

SN 10960 * 7-Chloro-4-(4-di- 

ethylaimno-2 hydroxybutyl- 
amino) quinoline 

(( 

tt tf 

SN 14477 t 7-Chloro-4^(4-di- 
ethylaromocyclohexylamino) - 
quinoline 

It 

Specific after 2 washes of 
heptane extract with 2 vol- 
umes 0 1 N NaOH 

SN 8137 t 7-Chloro-4-(3-di- 

ethylamino-2-hydro\ypropyl- 
amino) quinoline 

1 1 

Specific after 3 washes of 
heptane extract with 2 vol 
umes 16% Na.SO^ in 1 N 
NaOH 


* SN 13*425 IS slightly soluble lu water The metabolic products of the drug are 
removed from the heptane extract by means of washes w ith an alkaline solution of 
sodium sulfate The removal of the parent drug is minimized by the use of tins 
salt solution 

t Irradiated, and fluorescence read at pH S 7 

J The extraction of SN 8137 from plasma is made with chlorofoim, since the ex 
traction with heptane is incomplete for this tissue However, the chloroform 
extract contains metabolic products of the drug which have fluorescent properties 
similar to it and which cannot be removed from this relativeb polar solvent with 
alkaline washes The SN 8137 is, therefore, returned to an aqueous phase and then 
to heptane The metabolic products which enter the heptane are then remoxed by 
washes with an alkaline solution of sodium sulfate A high salt concentration i& 
essential in this step to nummize the loss because of the solubility of SN 8137 in the 
aqueous phase 
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ProcLchne for Chloroqmne 

RLtiijuitii — 

1 hfiiulud ‘•olutioii of cliloiociuinc, 100 ing per liter 161 mg of 
the diphobpli i(e niIi ire cli^^ohed m 1 litci of 0 1 N IICl Tins solution is 

d)! e ^\htll btouil in the icfngei itor Woiking btandaids aie piepared 
duly l)\ dilution wuli 0 1 n IICl 

2 0 I N ^ vOII 

3 lIo])tine V tcclnnnl grido of Kept me is punfied by successive 
wablnnj;'^ nith 1 n XiOII, 1 n IICl, and watei 

1 Ab'-olutc cth mol 
5 0 1 N IICl 

0 0 5 \ X lOII 1 ml should be neutralized by 5 ml of the above 0 1 
N IICl 

7 Biificr rcai^ent, pll 9 5 5 ^ olumcs of 0 6 m bone acid in 0 6 m KCl 

lie iddcd to 3 2 volumes of 0 G x NaOII ^^^lcn diluted as described in 
the procedure and if ter the addition of the cysteine leagent, the lesulting 
pll should be 9 1 to 9 0 Tlus pll should be checked by direct measure- 
ment « 

8 5 per cent cysteine reagent 1 gm of cysteine hydrocliloride is dis- 
soh'ed m 20 ml of uatei This solution is neutiahzed by the addition of 
0 8 ml of 10 ^ NaOII This leagent should be made fresh dailj’’ and neu- 
tiahzed just before use 

Procedure — Add 1 to 10 ml of biological sample- (containing up to 1 7 
of chloioqumc) and an equal volume of 0 1 n NaOH to 30 ml of heptane m 
a GO ml gUbs-btoppered bottle Shake foi 30 mmutes on a shaking appa- 
latus Allow the phases to separate, centrifuging the bottle if necessaiy 
Add 8 diops of etlianol and ini\ with the heptane phase so as not to distuib 
tlie ic[ucous pliase Tiansfei as much of the heptane phase as possible to 
a 125 ml glass-stoppeied bottle Add about twice the volume of 0 1 N 
XaOIl and shake foi 5 mmutes Aftei the two phases settle, add 8 drops 
of ethanol to the heptane pliase and mix as before Remove the aqueous 
phase by aspuation with a pipette inserted below the surface Repeat the 
washmg with 0 1 N NaOH Then add 5 diops of ethanol and tiansfer 20 
ml of the heptane phase to a 60 ml glass-stoppeied bottle oi a glass- 
btoppeied centiifuge tube contaimng 6 ml of 0 1 n HCl Shake for 3 
minutes and then centiifuge for 2 minutes at low speed Remove the 
supeinatant 01 game phase by aspiration Transfei 5 ml of the acid phase 
to a fluoiometei tube containing 1 ml of 0 5 n NaOH and 1 5 ml of buffei 

- Organ tissues and feces are emulsified in acid as described in Paper I of this 
series Chloroqume and other 4 aminoquinohnes concentrate in the leucocytes of 
the blood and, therefore, special precautions are required in the preparation of plasma 
for analysis 
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reagent Add 0 5 ml of cysteine reagent and mix thoioughly A reagent 
blank, vnth water substituted for plasma, is run through the same pro- 
cedure 

Standards — Standaids are prepaied by addmg kno^vn amounts of the 
drug m 5 ml of 0 1 n HCl to 1 ml of 0 5 N NaOH and 1 5 ml of buffer in 
fluoiometei tubes 0 5 ml of cysteine reagent is added to each tube A 
“dummy^^ consistmg of acid, alkali, buffer, and cysteme leagent is used for 
the blank settmg of the fluorometer, this should not change undei the 
iriadiation descnbed below After 30 mmutes, to allow foi leaction be- 
tween cysteine and oxygen, all tubes are irradiated mth ultraviolet light, 
as descnbed below 

The mtensity of fluorescence of the irradiated samples is determined in 
the Coleman photofluorometer oi other suitable instrument With the 
formei, a Commg Filter 587 (Coleman, BiS) is used to isolate the activat- 
ing energy and a combmation of Cormng Filters 3389 and 4308 (Coleman, 
PCi) to transmit the resultmg fluorescent hght The sensitivity of the 
mstrument is set by qumme, smce the irradiated standards may slowly lose 
their fluorescence on frequent exposure to the ultraviolet light of the 
fluorometei The sensitivity of the mstrument should be set so that a 
solution of qumme m 0 1 N H2SO4 contammg 0 0125 7 pei ml 3aelds a lead- 
ing of 50 0 2 7 of irradiated diug in 8 ml will then give a reading of about 

40 Standards aie run with each set of unknowns and the concentrations 
of the latter are estimated m 1 elation to these standards The standards 
aie quite reproducible and give readmgs that are directly pioportional to 
their concentiation 

Irradiahon of Samples — Irradiation of the 4-ammoqumolmes is effected 
m a simply constioicted uiadiator An H-4 meicury arc lamp ivith a No 
59G18 tiansformei (Hanovia) similar to those used m the Coleman photo- 
fluoiometer is the hght source The samples are placed m a circulai rack 
suiroundmg the lamp so that they aie equidistant fiom the lamp 3 hours 
are required to achieve maximal sensitivity The time may be reduced to 
1 hour by usmg a more mtense source of ultraviolet light m the apparatus 
This may be achieved by a DH-1 lamp ivith a No 58G2 tiansfoimer (Han- 
ovia) The time of irradiation must be woiked out to meet the conditions 
m each laboratory, smce too long an 11 radiation results m a giadual diminu- 
tion of fluorescence When the more mtense light source is used, precau- 
tions must be taken to avoid the damaging effects of ultiaviolet hght on 
the eyes 

The temperatures of the solutions should be mamtamed below 35° durmg 
irradiation, othel^vlse degradation of the dmg to less fluorescent or non- 
fluorescent products may occur withm the time of irradiation This cool- 
mg IS effected m the irradiator by passmg an around the lamp and tubes 
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llio uhj of (ho moio uUeii^o light bouicc invy require additional cooling 
f icilitios, ‘^ucli IS ui elLctriu f in 

V di igruu of i buil iblo in idi vlor is shown m Fig 1 



Fig 1 Schematic diagram of the apparatus for the irradiation of solutions with 
ultraviolet light 


Results 

Recoveiies of the dmg from plasma are shown m Table II The sensi- 
tivity and piecision of the method aie quite adequate foi amounts as low 
as 0 2 7 Equally good results have been obtamed m the case of the other 
4-ammoquinolines 

Repeated anal 3 '’ses run on individual samples of plasma and urme stored 
m the refrigerator over a penod of a week yield highly reproducible results, 
mdicating that the drug in plasma and urme is stable under these con- 
ditions 

Specificity — ^The absence of a detectable blank indicates that there is a 
negligible amount of material m normal biological tissues which reacts as 
chloroqume m the procedure describe^d above The possible mterference 
of drug metabolic products of chloroqume has been examined by the tech- 
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luque desciibed m Paper I of this senes ^ The results, wluch were de- 
scribed m that papei , indicate that metabolic products of chloroqume with 
fluoiescent piopeities sumlai to the paient dmg do occur m the plasma of 
patients receivmg the drug Hoi\ evei , these aie sepaiated fiom the parent 
drug m the proceduie described above The mteifeience due to the 
metabolic products, if no alkalme ashes of the heptane extiact aie used, 
amounts to about 15 pei cent The alkah v ashes aie theiefoie not essen- 
tial for most routme deteimmations on plasma 

Table II 


Recovery of Chloroqume Added to Plasma 


Chloroqume 

added 

Chloroqume 

1 found 1 

t 

Recovery 

Chloroqume 

added 

Chloroqume 

found 

Recovery 

y 


per cent 

y 

y 

per cent 

0 2 


105 ' 

0 4 


92 



95 1 



100 



90 


0 36 

90 



95 


0 39 

98 



100 


0 41 

102 

1 


100 ! 


0 42 

105 



85 


0 40 

100 



105 


0 40 

100 



105 1 


0 37 ! 

92 

1 

0 21 1 

105 1 


0 40 

100 


0 20 : 

100 ! 


0 41 

102 


0 20 

100 ' 

0 6 ^ 

0 60 

100 


0 20 ] 

100 


0 60 

100 


0 18 

90 


0 60 

100 


0 17 

85 

1 

0 60 

100 


0 19 

96 


0 56 

93 


0 21 

105 


0 56 

93 

1 


1 


. — • 


SUMMARY 

A Simple method is desciibed which, mth mmoi modification, is appli- 
cable to the estimation of many 7'Chloio-4-aimnoqumolines m biological 
fluids and tissues The method has been apphed to the estimation of 
chloioquine for illustiative purposes This pioceduie permits the estima- 
tion of chloroqume m amounts as low as 0 1 7 Peitment mfoimation foi 
the estimation by this method of ceitam other antimalaiial diugs is also 
given 

Chloioqume is isolated fiom the biological matenal by an extiaction 01 
the free base vnih heptane at an alkalme pH Dnig metabolic pioducts 

3 Brodie, B B , Udenfnend, S , and Baer, J E , J* Btol Chem , 168, 299 (1917) 
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not spirited ui <iie mitul ovlrictiou arc bclcctivcly removed fiom the 
M)hcnt by ilk ilnio iiablicb The drug then retiuned to iczd solution and 
buftered to pH 9 5, c>blcjnc ib uldcd, uid the Minplc uiadiatcd with a 
incaun \ ipor limp Ihc contenli itioa of fluorophoic foimcd is meas- 
ured fluoiomctnc ill} 

V Lompiribon of the solubiht}" ch ir ictcubtics of chloioquinc and the 
ippirent chloroipunc e\ti ictcd fiom the plisma of piticnts who ucic ic- 
ccning the ding uuhe itcs th it the method js specific in th it it includes, m 
the fin d me^iMirement, no pioducts due to the met ibohsm of chloioquine 




THE E^^rLMVTlOX OE BVSIC OllGANIC COMPOUNDS 
IN BIOLOGIC VL MAPERIAL 

1\ ISilMUlOX B\ COLPLIXG WITH DLVZONIUIH SVLTS* 

li\ BLKNVUD B BRODIL, SIDNEY UDEiNFRIEND, a.nd 
JOHN V TVGGART 

(/ rom t/ic Dtparluujit of l/cJicuit, New York Uuiierstly College of Mcdtcinej and 
the Research Scnicc, Third (New Yorl Unntrsiig) Medical Division, 
Golduaitr Memorial Hospital, New York) 

(Received for publication, January G, 1917) 

M iny iromatic amines m ^\hlch the position para to the ammo group is 
free react reiclil} with diazoniura salts to form compounds uhich absorb 
light m the visible range of the spectinim This leaction may be used in 
the design of anal} tical procedures It is subject to negligible mterference 
from organic extract rblc substances normally occurrmg m biological mate- 
n il Consequently, marked sensitivity may be achieved, if necessar}'', by 
coupling and m living the final photometnc measurement m a small volume 
The coupling piopeities of various aromatic ammes have been utilized m 
the design of methods for their estimation m biological material at concen- 
trations as low as 25 y per liter 

The aromatic amme is isolated from alkalized biological matenal by 
extraction into an organic solvent The dixig is then concentrated by re- 
turning it to a small volume of acid containing diazotized sulfanihc acid rath 
which it couples The resulting dye solution is assayed m a spectropho- 
tometer or photoelectnc colorimeter adapted to small volumes Amines 
possessing a fiee phenol gioup are coupled mth diazotized p-mtroanihne-o- 
sulfonic acid in neutral or slightly alkalme solution 

A procedure for the estimation of the antimalanal pamaqume (6-methoxy- 
8-(4-diethylarmno-l-methylbutylanuno)quinolme) m biological fluids is 
given as an illustration of the general method of analysis The procedure 
for other amines may differ m choice of solvent and achievement of speci- 
ficity 

A procedure for the estimation of anothei antimalanal, SN 5918 (4,4'- 
dihydioxy-3,3'-di(diethylaminomethyl)diphenyl ether) is given as an ex- 
ample of the estimation of an amme vnih a free phenol group 

♦The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University A portion of this work has appeared in 
abstract form {Federation Proc , 6 , 125 (1946)) 
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Procedure for Paniaquiue 

General Consfiderahons — ^The required sensitivity is obtained by concen- 
trating the compound mto a small volume and then utihzmg a microphoto- 
metiic technique for the final measurement This is accomphshed with the 
Coleman model 6 spectiophotometei by the use of a micio test-tube adapter 
which, mthout changmg the length of the light path, reduces the cross- 
section of the solution through which the light must pass ^ A f X 3 inch 
flat bottom test-tube is used to hold the solution It is possible by this 
means to measure optical densities m volumes as small as 0 25 ml - 

A numbei of aiomatic primary amines vere diazotized and coupled 
Avith pamaqume Of the diazotized ammes e\ammed, diazotized sulfamhc 
acid was found to be superioi m lespect to stabihty of the reagent, speed of 
couphng, and color intensity of the resultmg dye The couphng leaction 
IS complete vnthin 5 minutes The resultmg dye is stable for several hours 
The absorption spectiiim of the dye mdicates that the wave-length of 
maximal hght absoiption is 480 m/i 

Reagents — 

1 Standard solution of pamaqume, 100 mg pei hter 163 mg of the 
citrate salt aie dissolved m 1 hter of 0 1 n H2SO4 This solution is stable 
when stoied m the refugerator Working standards are prepared daily 
by dilution with 0 1 N H2SO4 

2 0 1 N NaOH 

3 Peti oleum ether A techmcal giade of petroleum ether is purified 
by successive washings vath 1 N NaOH, 1 n HCl, and water 

4 Isoamyl alcohol, leagent grade 

5 Couphng leagent Solution A, 0 5 gm of sulfanilic acid is added to 
7 5 ml of concentiated HCI and is then diluted to 500 ml Solution B, 
0 5 per cent sodium nitiite These solutions aie stoied m the lefngeiator 

Diiechons for Diazoiizaiton — ^The final couplmg reagent is made up of 
10 ml of Solution A and 0 3 ml of Solution B After 10 mmutes, to allow 
for complete diazotization of the sulfamhc acid, the reagent is leady for 
use The couphng reagent must be made fiesh daily 

1 This tube adapter was patterned after a suggestion by Dr Oliver Lo^\ry of the 
New York City Department of Health Adapters with tubes to fit may be obtained 
from Mr Samuel Ash, 1115 East 105th Street, New York 

2 Small concentrations of pamaquine may be measured with considerable accuracy 
if variations in the strength of the light source during a measurement are mimmized 
Increased stability of light source is obtained if the tungsten lamp is fed from storage 
batteries rather than from line current and transformer The constancy of the light 
transmission should be verified after each measurement by checking the reading of the 
galvanometer needle after removal of the colorimeter tube This air transmission in 
the case of the Coleman instrument is above the 100 per cent transmission mark 
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ProuduTc — \d(l 1 lo 10 ml of biological sample^ (containing up to 10 y 
of p im iquine) uul an ccpi il volume of 0 I N NaOII to 30 ml of petro- 
kum cthti m i (>0 ml gl blopporeti bottle Siiakc for 30 minutes 
on i fclukmg ippuUUb Vllow the plubCb to sepante, centrifuging the 
bottle if iiLLC^sir^ Vdd 2 ml of iso im}^ alcohol, mixmg with the petrol- 
eum etliu *^0 not to dibtuib the iqucous phase Transfer 20 ml of the 
petroleum tlhci plusi to a tapered glass stoppered centrifuge tube* con- 
t lining 0 5 ml of coupling re igcnt Shake for 5 mmutes and then centri- 
fuge foi 2 mmutob it low speed Rcmo\ c the supernatant orgamc phase 
1)> ispir vlioii Tr uisfcr 0 3 ml of the aqueous phase to a micro colorim- 
eter tube md deleimine the optical density of the dye solution at a wave- 
length of ISO lUM Coupling reagent is used for the blank settmg of the 
instrument Ihc ^ame tube may be used for the blank settmg and for 
ill the detennm itions md standaids The tube is removed from the adap- 
ter after c ich ie*uhng and its contents lemoved by aspiration The tube 
IS then nii'^cd with acetone and diied by aspiration It is advisable to 
make the mcisuiemcnts m a defuiite ordei, startmg with the blanks, then 
the dilute solutions, and then tlie more concentrated samples 

Standards — Standards aic prepared by takmg 1 volume of standard 
solution and adding 9 volumes of couplmg reagent The optical density 
IS read iii the colorimeter after 5 minutes Coupling reagent is used for 
the blank setting of the instrument A permanent standard curve is 
constructed with optical density plotted agamst micrograms of pamaqume 
per ml of solution The optical densities were found to be proportional 
with all concentrations up to 4 7 per ml An optical density of about 0 115 
IS obtained in the adapted Coleman model 6 w^hen 1 7 of pamaqume is run 
through the pioccduic described above 

Results 

Table I contains a summary of recoveries of known amounts of pama- 
qume added to plasma The results indicate that the sensitivity and pre- 
cision of the method aie quite adequate for amounts as low as 0 25 7 
Equally satisfactory results have been obtamed wth other 8-ammoqumo- 
lines Analyses run on plasma samples of pamaqume over a penod of 

3 Organ tissues and feces are emulsified in acid as described in Paper I of this 
senes 

* The glass stoppered tubes used in this laboratory have a volume of about 40 
ml They are tapered at the bottom to a narrow cone to facilitate the mampulation 
of the small aqueous volume 

5 Occasionally the aqueous solution of the dye will be turbid after the aspiration of 
the petroleum ether layer Turbidity may be removed by shaking the solution with 
additional aliquots of petroleum ether and recentnfugmg 
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several weeks gave highly lepioducible results It may be concluded, 
theiefoie, that pamaqume in plasma is stable when stored m the le- 
fiigerator 

Specificity — ^The absence of detectable blanks mdicates that there is 
a negligible amount of material m normal plasma and tissues winch leacts 
as pamaqume m the analytical proceduic described above The degiee 
of specificity is dependent only upon the extent to which the metabohc 

Table I 


Recovery of Pamaquine Added to Plasma 


Pamaqume 

added 

Pamaqume 

found 

Recovery 

Pamaqume 

added 

Pamaqume 

found 

Recovery 

T 

1 ^ 

per cent 

y 

y 

per cent 

0 25 

0 23 

92 

1 00 : 

0 94 

94 


0 265 

102 1 


0 94 

94 


0 23 

92 


0 94 

94 


0 25 

100 


0 96 

96 


0 255 

102 I 


0 93 

93 


0 23 

92 

1 

0 94 

94 


0 255 

102 

1 

0 98 

98 

0 60 

0 51 1 

102 


0 98 

98 


0 50 

100 

2 00 

1 90 

95 


0 52 1 

104 


1 90 1 

95 


0 51 ! 

102 


2 02 

101 


0 60 

100 


1 90 

95 


0 46 

92 


1 90 

95 


0 44 

88 


1 91 

96 

1 

0 485 

97 


1 90 

95 


0 49 

98 


, 1 82 

91 


0 48 

96 

1 



1 

0 47 

94 





0 48 

96 

1 


1 


0 55 

110 





0 47 

94 




1 

0 49 

98 

1 




products are excluded The examination of specificity has been made by 
the technique descnbed m Paper I of this series ® These studies weie made 
on petroleum ether extracts of plasmas which weie obtained fzom patients 
who received oral doses of the drug and which contamed 10 to 20 y of ap- 
parent pamaqume It is deal from the data shoivn m Table II that the 
petroleum ether extracts of plasma contam negligible amounts of mateiial 

« Brodie, B B , Udenfnend, S , and Baer, J E , J Btol Chem , 168, 299 (1947) 
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which rc.\ct with the coupling rc^igcnt which differ m solubility charactens- 
lies from pure p miaquine 


T\DLn II 

DxslTihulxon of Pamaiiuinc and Apparent Pamaquine between Water and 
Petroleum Ltlicr at Various pll Values 

Ihc appircnl pvinaquiiic was obt iinctl b> cxtnction, with petroleum ether, of 
the pi iMiiT, of a p itient rccci\ing the drug Ihe compound was then returned to 
dilute acid Aliquots of tins solution and of a pamaquine solution were adjusted to 
\anous pi I \alucs uid shaken with equal volumes of petroleum ether The fraction 
of the comjiounds extracted at v irious pll values is expressed as the ratio of the 
amount of compound in the organic phase to total compound 


pH 

Flisma A 

Plasma B 

Aqueous control 
(a) ! 

Apparent pamaquine 

from plasma extract 

(6) 

Aqueous control 

ic) 

Apparent pamaquine 
from plasma extract 

(d) 

5 

■M 


0 15 

0 20 

6 


0 11 

0 48 

0 52 

7 


0 77 

0 86 

0 81 

S 

0 93 

0 90 

1 01 

0 96 

9 

0 93 

0 91 

0 97 

' 1 03 

10 

0 9G 

0 98 

0 97 

1 03 

11 

0 97 

0 99 

' 1 01 

1 03 

13 (0 1 N NaOH) 

0 99 

1 02 



11 (1 N NaOH) 

0 99 

1 02 

0 99 

1 03 


Columns (o) and (c), pure pamaquine, column (6), apparent pamaquine from 200 
ml of pooled plasma from ten patients, extracted into petroleum ether and returned 
to dilute acid, column (d), apparent pamaquine from SO ml of plasma from a single 
patient, extracted into petroleum ether and returned to dilute acid For columns 
(a) and (b) measurements were taken at temperatures which differed from those for 
columns (c) and (d) by several degrees, which accounts for the difference in the two 
sets of measurements 


Procedure for SN 6918 (4.,4^~Dihydroxy-3 ,3'~dt(dtethyla7nino7nethyt)dtpJienyl 

Ethel ) 

General Considerations — The sensitivity requirements for the estimation 
of this compound aie not as ciitical as m the case of the 8-ammoqumohnes 
because the plasma levels vnth therapeutic dosage are relatively high It 
IS not necessary, therefore, to make the final measurement m a small vol- 
ume 

The laige blank resultmg fiom the mstabihty of diazotized sulfamlic 
acid when it is used m neutral or alkalme solution precludes its use, but 
diazotized p-nitroamhne-n-sulfonic acid is satisfactory m this respect The 
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absorption spectrum of the lesultmg dye indicates maximal absorption at 
450 m/i However, the reagent itself absoibs a considerable amount of 
light at this wave-length and it is necessary to make the leadings at 520 
m/i, at which the blank is negligible and the absorption of light by the dye 
IS still sufficient for precise measurements 

Reagents — 

1 Standard solution of SN 5918, 100 mg pei liter 100 mg of the fiee 
base are dissolved m 1 liter of 0 1 n HCl This solution is stable when 
stored m the refrigerator Woikmg standards are prepared daily by dilu- 
tion with 0 01 N HCl 

2 1 N NaOH 


Table III 


Recovery of SN 691S {i,4-'-Dthydroxy-3,3'-dt{diclhylaminomclhyl)diphemjl Elher 


SN 5918 added 

SN 5918 found 

Rccoveiy 

7 

I 7 

per cent 

6 

1 ^ ^ 

102 


1 6 1 

102 


1 5 0 

100 


5 1 

102 

10 

11 1 

111 


! 10 7 

107 


i 10 7 

107 

15 

1 15 4 

103 


j 15 0 

100 


1 14 5 

97 


1 16 0 

107 


3 Benzene A technical grade of benzene is purified by successive 
washes with 1 n NaOH, 1 n HCl, and water 

4 0 05 N HCl 

5 05 N NaOH 

6 05 MNa^.HPO4 

7 Couplmg reagent Solution A, 1 26 gm of p-nitroamline-o-sulfomc 
acid IS added to 15 0 ml of concentrated HCl and is then diluted to 1 hter 
Solution B, 0 5 per cent sodium mtnte These solutions are stored m the 
refngerator 

Directions for Diazotization — ^The final coupling reagent is made up of 
10 ml of Solution A and 0 3 ml of Solution B After 10 mmutes, to allow 
for complete diazotization of the p-nitroamlme-o-sulfomc acid, the reagent 
IS ready for use This reagent, which must be made fresh daily, is diluted 
1 5 for use m the procedure 

Procedure — ^Add 1 to 10 ml of biological sample® (coptairung up to 50 y 
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of SN 5918) and 1 ml of 2 5 n NaOII to 30 ml of benzene m a 60 ml 
stoppered bottle Slukc for 10 minutes on a shaking apparatus 
Vllow tlic phis. *5 to sipiritc, centrifuging the bottle if nccessar}'' Add 
2 ml of iboimjl dcohol ind mi\ with the benzene phase so as not to dis- 
turb the upioous ph ise Transfer 20 ml of the benzene phase to another 
bottle cont innng 0 ml of 0 05 n IICl and shake foi 5 minutes Poui the 
contents of the bottle into x test-tube and ccntiifuge foi 2 minutes at low^ 
speed llemo\ c the benzene pli ise by ispiration Transfer exactly 5 ml 

of the ic[ucous ph isj to x colorimeter tube Adjust the pH by the addition 
of 0 5 ml of 0 5 \ XaOII and 0 5 ml of 0 5 m Na2HP04 Add 0 5 ml of 
the diluted diazo rc^igcnt and then after 10 nunutes add 0 5 ml of 1 n 
NaOII Determine the optical density at a wave-length of 520 m/x 
Coupling reagent added to acid and buffered as above is used for the blank 
setting of the mstrument 

Stand Qrdi > — ^Thesc arc prepared by taking 5 ml of standard solution m 
0 05 \ IICl and adding buffer and coupling reagent as described above 
V standard cur\c is constructed with optical density plotted agamst micro- 
grams of SN 5918 per ml of solution 

Ihc results detailed m Table III mdicate that the sensitivity and the 
precision of the method are quite adequate for amounts as low as 5 7 The 
degree to w^hich metabohe products of the drug are excluded has not been 
exammed 


SUMMARY 

A simple general method is desenbed which, with minoi modification, 
is applicable to the determmation of many aromatic ammes m which the 
position para to the ammo group is free The method has been apphed 
to the estimation of pamaqume m biological tissues for illustiative pui- 
poses Tins procedure permits the determmation of pamaqume in amounts 
as low^ as 0 25 7 

Pamaqume is isolated fiom the biological material by an exti action of 
the free base with petroleum ethei at an alkalme pH The petroleum ether 
phase IS shaken mth a small volume of diazotized sulfanihc acid Pama- 
qume reacts mth the latter to form a w^ater-soluble dye The concentra- 
tion of this dye is determined by the measurement of its optical density 

A companson of the solubihty chaiactenstics of pamaqume and the 
apparent pamaqume extracted from the plasma of patients who were 
receiving the drug mdicates that the method has a high degiee of specificity 
m that it mcludes, m the final measurement, no products which are meta- 
bohe derivatives of pamaqume 
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The method has also been applied to 4,4'-dihydroxy**3,3'“di(diethyI- 
ammomethyl)diphenyl ether, which is an aiomatic amme containing a 
free phenol group This compound is isolated fiom the biological matenal 
by an extinction of the free base with benzene at an alkaline pH The drug 
IS reexti acted into acid and then coupled with diazotized p-nitroamlme-o- 
sulfomc acid at a slightly allualine pH 



nil. isriMMiox OF lusic oucivxic compounds 

IN BIOIOGICVI ArVTKRIVL 

\ I^lJMVilON in SVLl 1 OHM VI ION WITH MCniV L ORANGE* 

in lU UN VUD H liUODll , blD\E\ UDLM Ull ND, vnu WESLEY DILL 

{hrom the DLjniTimcul of UtJzcuic, A\w \ or) Uniitrsiiy College of Medicine, and 
the Jit tarch '^trnce, 'J hird {Ncu Yorl Unncrsily) Medical Division, 
ColdiCiUtr ][cmonal Hospital, New VorJ) 

(Hcccucd for public ition, J inu^ry G, 1947) 

Ihe mctlnl or inge stilts of most orgxnic biscs die highly soluble in cer- 
t nil erg line soheuls but rcl iluely insoluble in water Bnses may, theie- 
foie, be isM}cd mdiicctly thiough the extraction of then meth}^ oiange 
s lit into in org ime phase 1 he methyl oiange which goes into the oiganic 
ph iH, is me loured photomctiiLally This is a geneial leaction and has been 
used m the design of in il 3 TiLal proccduies foi a numbei of alkaloids and 
'^ynthctle b isie oig unc compounds The application of this leaction to the 
estim ition of basic dings in biological samples with ethylene dichloiide as 
the solvent for the e\ti iction Ins been described in a previous paper (1) 
The sensitivity of the reaction in this solvent is limited by some solubility 
of free meth} 1 orange m ethylene dichloride and by complex formation of 
the dye wnth noimally occuii mg organic basesextiactablefiom the biological 
nntenal This limited the method to the analysis of diugs which are 
present in concentiations of about 0 5 mg or moie pei htei of plasma 
The use of the less polar solvent benzene, when possible, minimizes the 
above difficulties, since neither methyl orange nor the normally occurrmg 
biological substances wdiich mterfeie are soluble m this solvent to an ap- 
preciable extent Consequently, about a 10-fold mcrease m sensitivity 
may be achieved by letuinmg the methyl oiange from the benzene to a 
small volume of acid and assaymg its concentration by microphotometry 
This peiimts the estimation of cmchonme and many other compounds 
which are found m plasma at low concentiations after therapeutic dosage 
and which cannot be assayed by fluorescent or couphng methods Con- 
centrations m the order of 50 y per liter of plasma may be estimated An 
additional advantage of using the less polai solvent, benzene, is that separa- 
tion of the drug fiom its metabolites is facilitated 

The 01 game base is separated from the biological sample by extraction 

* The work described in this paper w as done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University A poition of this work has appeared in 
abstract form {Federation Proc , 5, 126 (1946)) 
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into benzene at an alkabne pH The benzene phase is shaken mth methyl 
orange solution at pH 5 and the excess methyl orange is removed The 
methyl oiange which dissolves in the solvent through salt formation with 
the 01 game base is letumed to a small volume of acid and measured pho- 
tometiically 

The development of a pioceduie for the estimation ofcmchomne in 
biological mateiial is given to illustrate the geneial method of analysis 
The pioceduies foi othei bases are the same m pimciple, and the pertment 
details for some basic compounds tested as antimalarials m this laboratory 
are presented in Table f 


Table I 

Data on Basic Organic Compounds That Can Be Estimated by Methyl Orange Reaction 


Compound 

Specifiaty (human plasma) 

Cinchonine 

Specific 

Cinchonidme 

<( 

Paludnne 1 - (p-Chlorophenyl) -4-isopropylbiguamde 


SN 4430 l-(p-Chlorophenyl)-4-inethyl-4“isopropyl- 

Not examined 

biguanide 


SN 8323 2- (p-Chlorophenylguamdyl) -4-methyl 6- 

ti it 

(diethylaminoethylamino)pyrimidme 


SN 8538 2-Phenyl-4-a-piperidyl-l-quinolinemethanoi 

ti tt 

SN 8233 8-(4-Diethylamino-l-methylbutylanuno)-5,6- 

it ti 

dimetho\y quinoline 

1 


Procediae for Cinchonine 

Reagents — 

1 Standard solution of cmchonme, 100 mg per liter 100 mg of the 
free base are dissolved m 1 htei of 0 1 n HoSOj This solution is stable 
ivhen stored m the lefiigeratoi Woikmg standards aie prepared daily 
by dilution ivith 0 1 n H 2 SO 4 

2 2 5 N NaOH 

3 Benzene A techmeal grade of benzene is puiified by successive wash- 
ings with 1 N NaOH, 1 N HCl, and water 

4 Isoamyl alcohol A leagent grade of isoamyl alcohol is w^ashed with 
0 2 volume of 1 n HCl, followed by seveial washes ivith water 

5 Methyl oiange solution Dissolve 90 mg of the sodium salt of methyl 
omnge m 100 ml of 0 5 m boiic acid solution by gentle heatmg, and cool 
the solution to room temperatme Filter if necessary Wash the solu- 
tion seveial times by shakmg vnih an equal volume of ethylene dichloiide 
To test the solution dilute it 1 100 with 1 n HCl and measure the optical 
density m the Coleman model 6 spectiophotometer which has been adapted 
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to microjihotoniolrj (2) llie optic il clciibity sliould icid about 0 500 at 
5n inii 
b 1 N HC) 

Pruciiiuu— \(U1 I lo 10 ml of biologic i! iximplc' (containing up to 5 -y 
of vuulionmo) uid 1 ml of 2 5 n \ lOlI to 30 ml of beiuene m a 60 ml 
ghs-. btoi>jHrcd bottli ind -'ll iko for 10 minutes, on a shaking apparatus 
Mlow till* pliiss to 'Hipiritc, centrifuging the bottle if neccssarj'' Add 

0 5 ml ot iMjuinl deoliol uid mi\ uitli the benzene phase so as not to 
di-'tiirh the uiucous pliiM iVaiisfor as much of the benzene phase as 
liossiliie to a gl iss stoppered centrifuge tube containing 0 5 ml of methyl 
oringc riuigent bluku for 5 minutes and then ccntiifuge foi 10 minutes 
it 2500 u 1* M 'IniAfc'i 20 ml of the siipcrnatint benzene phase to a 

1 ipercd gl iss stoppered ecnlnfiigc tube eont umng 0 5 ml of 1 n HCl 
SJuke for 5 minutes and then centrifuge Carefully lemoce the benzene 
phase by aspir vtion Transfer at least 0 3 ml of the aqueous phase to a 
micro colorimeter tube and determine the optical density of the methyl 
orange solution at i \\a\ e-length of 515 mji, using the Coleman model 6 
spectrophotometer id ipted to micro spectiophotometiy as desenbed m the 
procedure for pamacjuinc (2) 

V re igcnt blank in uhicli uatei is substituted foi plasma is run through 
the abo\e procedure and is used for setting the mstrument to zero optical 
density This reagent blank should not give an optical density of more 
tiian 0 010 when 1 s IICl is used to set the instrument at zeio optical den- 
sity 

Standard Curve — Standaids are piepared by takmg 1 ml of standard 
solution, adding 1 ml of 2 5 n NaOII and 30 ml of the benzene, and hand- 
ling in the same manner as desenbed for the biological sample As noted 
above, a reagent blank is run thiough the same piocedure and is used for 
setting the mstrument to zero optical density A peimanent standard 
curve IS constructed uith optical density plotted agamst imcrograms of 
drug This is a highly reproducible linear relationship, so that standards 
need not be run together with each set of determinations The optical 
densities were found to be proportional between 0 5 and 4 7 pei ml An 
optical density of 0 109 is obtained on the adapted Coleman model 6 spec- 

' Organ tismca and feces are emulsified in acid as described in Paper I of this 
scries (3) There are substances m normal tissues which react mth the methyl 
orange to give a considerable blank To remove these the emulsified tissues are 
treated os follows lo I volume of emulsified tissue are added 5 volumes of 20 per 
cent metaphosphoric acid This serves to precipitate the proteins and to remove 
most of the substances m tissue which react with the methyl orange to give a blank 
(4) lAn aliquot of the filtrate is made alkaline and extracted w ith benzene as de- 
scribed in the procedure 
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trophotometei when 1 7 of cinchonine is run thiough the procedure as 
descnbed above 

Results 

A summaiy of the lecoveiies of kiioun amounts of cinchonine added to 
plasma is shovm in Table II It is evident from these results that the sen- 
sitivity and piecision of the method aie quite adequate foi amounts of 
cmchonme as low as 0 5 7 Analyses uiii on smgle samples ovei a penod 


Table II 


Recovery of Ctnclioiiine Added to Plasma 


Cmchonme added 

1 Cmchonme found 

Rccovciy 

y 

7 

per cent 

0 5 

0 57 

114 


0 51 j 

102 


0 45 ; 

90 


0 50 

100 


0 47 

94 

1 

0 98 

98 


1 00 

100 


1 01 

101 


1 06 

106 

j 

0 99 

99 


0 94 

94 

0 

2 0 

100 


2 05 

103 


1 95 

98 


1 92 

96 


1 90 

95 


1 90 

95 

1 

1 85 

93 


of seveial weeks gave highly repioducible results, from which it may be 
concluded that the drug m plasma is stable when stored m the lefrigeratoi 
Specificziy — ^Theie is a small amount of material m normal biological tis- 
sues which leacts as cmchonme m the analytical procedure described above 
This mteifeience is negligible for most tissues when concentiations of the 
drug are high but foi plasma m ivluch it vanes fiom 0 to 10 7 pei htei it 
constitutes an eiroi which limits the sensitivity of the method 

The possible mteifeience by diug metabolic pioducts has been tested 
Cmchonme metabohzes m the body m the mam to 2-hydroxycinchonme 
and to a denvative of the latter wnth an additional oxygen m the qumuch- 
dme rmg^ Both of these compounds have been isolated fiom the luiue 

2 Brodie, B B , Baer, J E , and Ciaig, L , unpublished work 
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ind hue been ‘'hown to be picHjnt in plisini fiom persons receiving the 
dnig 'lluHi (oini)ouiuls bliow i negligible inteifcicnce in the method 
dc^2ilx.<l ibo\(* he inc(hacl, therefore, ib highly specific 

Comvicnt 

Nunn roiib oiguiic foim compicxcb iMth methyl orange which are 

([Uilc soluble in ben/ene, th it the methyl orange cnteis the oigamc phase 
in imonnt'^ L(pii\ dent to the Lontamed bise Othci organic bases form 
(oini)Ie\cs which distribute between w itei and the benzene phase, so that 
llie imount ()f metlu I or inge wliieh enters the organic phase is less than the 
e(pn\ dent b in* eoiit lined tlieiein It h is been found in the lattei mstances 
tint the ‘'t uid ird eiine \aiies somcwhit fiom da}" to day and therefore 
bt uul irilb iiuibt 1x3 run eoncuirently with each set of deteimmations The 
fcolubiht} of tlie eomple\ in the water plnse may be decieased by usmg 
more eoncenti itcd rnelh} 1 oi inge solutions The methyl oiange complexes 
are, as i rule, moie ‘soluble m the moic polai solvent, ethylene dichloride 
Ihib bohinl e in often be used m those instances in which the complex is 
not soluble in benzene Ilowcvei, it is piefeiable to use benzene when 
possible bccaubC of the low' tissue and leagent blank and consequently the 
higher scn^^itivity 


StniAURY 

Uhe sensitivity of the methyl orange leaction with orgamc bases has been 
increased for compounds which are extractable from biological material 
with benzene and whose complex wath methyl orange is soluble m this sol- 
vent For illustrative purposes, this revised method has been applied to 
the development of an analytical piocedure foi the estimation of cmchonme 
Tlus procedure permits the estimation of cmchonme m amounts as low as 
0 5 7 Pertinent information foi the estimation by this method of certam 
other antimalaiial diugs is also given 

Cmchonme is isolated from the biological material by an extraction of the 
free base with benzene at an allcahne pH The benzene is shaken with 
methyl orange solution The methyl orange which dissolves m the sol- 
vent thiough salt formation with cmchonme is leturned to a small volume 
of acid and its concentration is estimated by determimng the optical 
density 

The method as applied to cmchonme has a high degree of specificity 
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TIIIJ L^riMVnOX OF BVSIC ORGANIC COMPOUNDS 
IN HIOrOGICVL MVTERIAL 

vr i^TnfvTio\ m ultiivviolci specthopiiotometry* 

Ih LDWVRD & JOSCPirSON 

(/ rom (he Dui^uin of I^hyswloijy^ \<iiwnal Ini^ttlutL of Healthy Beihesday Maryland) 
K\u ^IDM V UDEMIIIIND BERNARD B BRODIE 

(hram the Dtpartriiait of MuhciuCf Xm ) orl Umicrsiiy College of Medicinef and 
(he Be (.arch BcnicCf Ihird (\tir York Uniicrsily) Medical Division, 
ijoldxcalcr Memorial Hospital, New York) 

(Hcccucd for publication, January G, 1917) 

ii)} b ifaic org line compoiindb e\hibjt cinractenstic absorption maxima. 
in the ultra\ lolct region Ultr iviolet spectrophotometry lacks the sensitivity 
of tlic methodb of isbay picMOUsl}’' desenbed in this series of papers, but 
it ni ly be useful is i fin il me ms of assay for compounds not readily amen- 
able to aiuilysib b}" othei methods It can also be used as an aid m de- 
veloping procedures \tluch m 13 c\entually mvolve other pimciples of assay 
( 1 ) Ultraviolet spcctrophotometiy has been apphed to the quantitative 
estimation of orguiic bises in plasma^ at concentrations m the order of 
1 mg per liter 

The organic bise is isolated fiom alkalized plasma by extraction mto 
a suitable organic solvent Normally occurrmg mterfermg substances are 
removed fiom the plasma extract by means of an aqueous alkalme wash 
The ding IS then retained to 0 1 n H 2 SO 4 and the concentration of the 
compound is estimated spectrophotometrically 

A proceduic foi the estimation of quinme m plasma is given to illustrate 
this method of analysis Quinme m 0 1 n H 2 SO 4 possesses an absorption 
maximum at 250 m/i, and measurements are therefoie made at this wave- 
length The proccduies foi othei bases are the same m prmciple, differmg 
in the choice of solvent and the wave-length of maximal light absorption 

General Considerations 

Instrument — ^The instiument used was the Beckman quartz photoelec- 
tric spectiophotometei A lecent simple adaptation of this apparatus 

* The work dcsciibed in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University A portion of this work has appeared in 
abstract form {Federation Proc , 6, 140 (1946)) 

‘ The measurement of drug concentration in organ tissues has not been attempted 
as yet in this laboratory 
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permits the use of small volumes without changing the length of the light 
path thiough the solution (2) It is possible that the sensitivity of the 
method desciibed below may be maikedl}^ mci eased by usmg this adapta- 
tion 

Solvents — Heptane and ethylene dichloride have been used as the ev 
tractmg solvents The purification of these solvents mvolves the lemoval 
of those substances which aie extractable by acid and which interfeie m the 
final measurement The solvents aie routmely puiified by shaking suc- 
cessively with 1 N NaOH and i n HCl, followed by two v ashes with water 
Technical grades of solvent have been found satisfactoiy 

Blanks — ^Tbe hmitmg factoi m the sensitivity of the absorption measuie- 
ments is the reagent blank The blank due to the leagents is mmimized by 
puiifying the solvents as described above The glass-stoppeied tubes 
used m the final acid extzaction, the pipettes used m tiansfeirmg the acid 
solution to the cuvette, and the cuvettes are cleaned with chionuc acid 
The optical density of the reagent blank should not be gi eater than 0 005 
when measuied between the wave-lengths 230 to 300 m^i At higher wave- 
lengths the blank is negligible 

Ethylene dichloride and, to a lessei degiee, heptane, extiact noimally 
occurrmg orgamc bases fzom plasma which also absozbs light between 230 
and 300 m/z These substances may be selectively removed from the sol- 
vent extract by an aqueous alkalme wash at about pH 9 For this purpose, 
an aqueous solution of sodium borate is used 

Procedure for Qutmne 

Reagents — 

1 Standard solution of qumine, 100 mg per htei 100 mg of the free 
base are dissolved m 1 liter of 0 1 n HoSOz 

2 2 5 N NaOH 

3 Ethylene dichloiide A technical grade of ethylene dichloiide is 
purified as desciibed above 

4 0 02 N sodium borate 

5 OINH2SO4 

Procedure— Add 1 to 4 ml of plasma and 1 ml of 2 5 n NaOH to 15 ml 
of ethylene dichlonde m a 60 ml glass-stoppered bottle and shake for 10 
minutes on a shakmg apparatus Transfer the contents to a test-tube and 
centrifuge at 3000 r p M for 5 mmutes Remove the aqueous phase by 
aspuation Transfer as much of the solvent phase as possible to a 60 ml 
glass-stoppered bottle Add about 3 volumes of the sodium boiate solu- 
tion and shake for 5 mmutes Remove the aqueous phase by aspuation 
Repeat the washmg Then transfer 10 ml of the solvent phase to a 60 
ml glass-stoppered bottle or to a glass-stoppeied test-tube contammg 4 
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ml of 0 I N n SOi fell live for 3 mmutea and then centrifuge at low speed. 
'Irui'-fi. 1 d)out 3 ml of the uiueous ph isc to a quarts cuvette and read the 
opla d diii'-iU m a ‘-pLttropliotoniclei , nith the instiumcnt set at the 
w ivc length 2ot1 um V ic igcul bl ink, nith natcr substituted foi plasma, 
IS run tiuougli tlic -sinie proecdurc This should not have an optical den- 
sitj gre Uer ih in 0 005 

Working st Hid irds of (he ding uc prcpaicd by dilution of the stock 
stiiidird mill 0 1 N Il-feOi 'the s.imples give rcadmgs on the spectro- 
photometer wliieli ire directly proportional to their concentration A 
"dumni} " consisting of 0 1 n is used for the blank setting of the 


Tvule I 


IlccoLcru of Quinine Added to Plasma 


Outavuc added 

Qaiamc found 

Rtcovciy 

7 

7 

per ceni 

5 

4 05 

99 


5 05 

101 


1 91 

99 


5 03 

101 

10 

10 1 

101 


10 1 

101 

1 

1 

9 07 

! 100 


9 SS 

99 

' 20 

19 8 

99 


20 0 

100 


19 5 

98 


19 7 

99 


spectrophotometci A concentration of qximme of 5 7 per ml should read 
about 0 430 m terms of optical density 

Results 

The data m Table I indicate that the sensitivity and precision of the 
method aie adequate for amounts of quinme as low as 5 7 Normal plasma 
evtiacts contain negligible amounts of material which mterfere m the pro- 
cedure desenbed above The extent of interference by metabohe prod- 
ucts of the drug has not been assayed 

SUMMARY 

A simple spectrophotometric method is described which is applicable 
to the estmiation of many orgamc soluble bases which absorb hght m the 
ultra-violet legion This method has been applied for illustrative purposes 
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to the estimation of qumme m plasma This proceduie peimits the de- 
teimmation of qumme m amounts m the order of 5 7 

Quimne is isolated from the plasma by an e\ti action of the free base 
vnth ethylene dichloride at an alkalme pH Noimally occuiimg substances 
which mterfere m the absoiption measuiement are selectively lemoved by 
an aqueous wash at pH 9 The drug is then returned to acid and the con- 
centration measured spectiophotometiically at 250 m/i 
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THE PIASMV VMINO ACID AND AMINO NITROGEN 
CONCENTR VnON DURING NORMAL PREGNANCY, 

L VHOR, \ND E UlLY PUERPERIUM* 

Ih KO\ W 150\6M ^ 

WlTJI Till llCHMCVI V^'MSl \NC1 Ot I 1 1 WOU M BrCW 

(/ ro7n the Chemistry I nboratoru s (ff the Deparlmtnl (>/ Ohsltltits and Oynccologtj^ 
Cornell V Jiiicrsity Med tad Coll ego and The New Yorl Hospital ^ New York) 

(Htccucd for puiilit itioii, DoLoinber Jl, 191G) 

The a imino nitrogen in plasma dining normal piegnancy, labor, and 
the early puerperuim ha^ been determined by the gasometnc nmhydrm- 
carbon dioxide method and is leported m this communication For 
compirison, the imino nitrogen his also been detcimmed simultaneously 
by the photometric method A\ith sodium /S-naphthoquinone-F-sulfonate 

LKPLRIMLNTXL 

Subjects — Blood specimens wcie obtained by vempunctuie from women 
who were pregnant, in labor, and in the early puerperium All these 
women were normal climcally Blood specimens w^cie also obtamed from 
wmmen who were admitted to the gynecological service for mmor smgical 
procedures These specimens weie used to determme the noimal non- 
pregnant values 

The blood specunens taken durmg pregnancy were obtamed as the 
w^omen registeied at or attended the antenatal clmtc These patients had 
eaten var3ang amounts of diffeient foods for breakfast, and the bloods w'’ere 
taken at varying times followang the meal How^evei, no mdication has 
been obtained that ingestion of breakfast has any marked effect upon the 
values obtamed This is probably due to the fact that the bieakfasts 
consumed were geneially hght and contamed only small amounts of protem 
All other blood specimens were withdrawn from patients before breakfast 

Methods— The free amino acid mtrogen m picric acid filtrates of plasma 
was determined by the gasometnc ninhydrm-caibon dioxide method of 
Hamilton and Van Slyke (1) None of these data are corrected foi uiea 

The ammo nitrogen in Wu filtiates of plasma (2) was detenmned by 
the Folm reaction as described by Frame, Russell, and Wilhelmi (3) and 
by Russell (4) The transmission of the final coloied solutions was deter- 
mined with an Evelyn photometei (5) ivith Filter 520 ^ 

* This study u as aided by a grant from the John and Mary R Markle Foundation 

1 Frame, Russell, and WilhcImi (3) recommend Filter 490 When this work was^ 
started we did not have this filter We have subsequently determined that for all 
practical purposes it makes very little difference whether one uses Filter 520 or 490 
if average values arc compared as in this paper It is true, of course, as pointed out 
bv the original authors, that the resolving pow er is greater when Filter 490 is used 
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Urea was determined directly on the plasma by the Conway micro 
diffusion method (6) as modified by Stemitz (7) 

Results 

The plasma ammo acid mtrogen durmg piegnancy and durmg labor 
aveiages about 3 2 mg pei cent (Table I) This is approximately 25 per 
cent less than the values observed m normal non-pregnant women The 


T\bll I 

Plasma a Ammo Acid Nitrogen during Pregnancy* 


Lunar month of 
pregnancy 

No of specimens 

1 ' 

Mean ! 

Range 

<r 

3 


ms per cent 

3 3 

ms per cent \ 

2 9-3 7 

0 30 

4 

1 19 

3 2 

2 5”3 7 

0 26 

5 

' 14 

3 3 

1 2 6-4 0 

0 39 

6 

18 

3 1 

1 2 l-AO 

0 40 

7,8 

10 

3 2 

2 8-3 7 

0 28 

9, 10 

13 

3 3 

3 0-3 7 

0 2G 

1 

1 

85 

3 2 

2 1^4 0 



* About 90 per cent of these determinations were earned out in duplicate 


Table II 

Plasma a Ammo Acid Nil) ogetij Ammo Ntirogen^ and Urea of Normal Non Pregnanif 
Pregnant j and Parturient Women 



No of * 
subjects 

Ninhydrin method 

photometric method ! 

111 -Mi 

Urea, 

average 

Average 

<r 

Average 

1 

<rj) 





1 

■ 


ms 



ms per cent 


ms per cent 



Per 

cent 

Normal 

15 

4 2 (3 8-4 8) 

0 29 

4 5 (3 3-6 2) 


1 54 

! 12 0 

Pregnant 

39 

3 2 (2 1-4 0) 

0 39 

3 5 (2 3~1 7) 

tm 

2 78 

87 

Labor 

18 

3 0 (2 4-3 7) 

0 28 

3 9 (2 S-6 2) 


4 31 

94 

Postpartum 

25 

4 3 (3 6-5 0) 

0 33 

5 4 (4 1-6 8) 

0 71 

7 05 

12 6 


ammo acid nitrogen has i cached this level by the 9th week of pregnancy 
Two plasmas have been obtamed from women m their 6th week of preg- 
nancy The ammo mtrogen was deci eased at this time m these two No 
Significant change m ammo acid mtrogen level occurs duimg pregnancy 
No change takes place dmmg labor There are no mdications m the 
determmations performed upon plasma from eighteen patients who had 
been m active labor for varymg lengths of time (from 1 to 53 hours, with 
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the in ijority ringing from 1 to IG houro of I ibor) that there would be any 
p irticul u ch ingc in the v liuc ttb i funotioii of the time in labor or the 
ch ir ictor of the I ibor 

Tlic free unmo icid nitrogen v ilue:3 return to normal shortly after 
delivery The prc'sent d il i ire not sufficient to delimit the exact time 
However, norm il vilucs may bo observed on the 1st and 2nd postpartum 
da>s 

Tlie values obtained by the photometric method foi ammo mtrogen are 
generally higher than those obt uned by the moic specific mnhydrm 
method Such a rccjult was expected In the noimal and pregnant senes 
the photometric method gi\e values some 7 and 10 per cent higher, re- 
spectuely, than those obtained b}'' the ninhydiin method (Table II) 
This difference is of the s ime order of magnitude as that w^hich Hamilton 
and Van Sl^^kc (1) observ cd between the values obtained with the mnhydrm 
method comp i red with those by the Van Sl 3 "ke mtious acid method (8) 
The results obtained by the photometiic method dining laboi and durmg 
the early puerperium aie 30 and 2b per cent higher, lespectively, than 
the corresponding values by the mnhydiin method This result was not 
expected At the present writing it cannot be explained 

DISCUSSION 

The values obtained heie foi the plasma ammo acid nitrogen m the 
normal non-pregnant individual are of the same order of magmtude as has 
been previously reported by others (1, 9-12) In so far as we know, this 
IS the first report of the determination of the plasma ammo acids by the 
gasometric nmhydrm-carbon dioxide method during pregnancy, labor, 
and the early puerperium 

The reason for this decrease m the plasma ammo mtrogen is not clear 
It may be in part due to the inciease m blood volume which occurs durmg 
pregnancy (13) But if this were the only factor involved, a gradual 
decrease m the ammo acid mtiogen as a function of the time elapsed smee 
conception might be expected Such a relationship does not seem to 
exist No reciprocal relationship exists between the a mm o acid mtrogen 
and the uiea mtrogen, since both values are decreased m pregnancy (14) 
But the urea seems to decrease as a function of the length of pregnancy, 
whereas the ammo nitrogen remains constantly low Nor does there 
seem to be any correlation between the plasma ammo mtrogen and the 
plasma uric acid Accoidmg to our results the concentration of this 
latter compound m the plasma is defimtely decreased m early pregnancy 
and possibly tends to mcrease somewhat toward term - 


5 Bonanea, Il W , unpublished data 
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The value obtained in this study for plasma ammo mtrogen by the 
/3-naphthoqumone-4-sulfonate reaction is defimtely lower than the 4 5 mg 
per cent repoited by Plass and hlathew (15) by the ongmal Fohn proce- 
dime Therefore, it may not be comparable because of the modifications 
m pioceduie and impiovements m instrumentation which have occurred 
smce then It is mteresting to note, howevei, that the plasma value 
repoited by Plass and iMathen for the pregnant woman is sigmficantly 
lowei than that leported by both Folm and Berglund (16) and by Wu (2) 
uhen the data of these mvestigators aie evaluated statistically^ Smce 
all tliree mvestigatois used essentially the same method at about the 
same time, their data should be compaiable 

The significantly higher \ allies obtamed the photometiic method 
as compared uith the gasometnc ninhydim-caibon diovide method durmg 
labor and durmg the earlj^ pueipeiium cannot be explamed The mcrease 
may be due, m put, to the mciease m uric acid which supposedly occurs 
duimg that time (17-19) If luic acid alone weie responsible, a correlation 
should exist between the unc acid value and the ammo nitrogen value 
But when such data are plotted, no appaient coiielation appeals How- 
ever, the data have not been subjected to any iigoious mathematical 
analysis Fuither data along these lines are bemg collected In view of 
these lesults, ammo mtiogen as deteimmed by the j3-naphthoqumone4- 
sulfonate method may not justifiably be tianslated mto ammo acid mtrogen 
unless both the /?-naphthoqumone and the nmhj^'dim methods gi\ e approM- 
mately similar lesults undei similai experimental conditions 

Incieases m ammo mtrogen duimg labor and the pueiperium have been 
leported pieviously Scontiino (20) leported an mcrease m the ammo 
mtrogen of tiichloioacetic acid filtiates of plasma as determmed the 
Van Styke mtious acid method (8) and Doneddu (21) has observed an 
mcrease m the ammo mtiogeu of whole blood filtiates as determmed by 
the Folm method durmg this period Both these mvestigators found 
the mcrease to occur durmg the last w^eeks of piegnancy Scontrino also 
found the ammo mtiogen to be higliei m eaily piegnancy than in the 

3 These calculatioiis have been earned out by us in the usual manner, using the 
data which appear m the original papeis Both Wu (2) and Plass and Mathew (15) 
gi\ e the actual data, and so no assumptions need be made IIow ever, Folm and Berg 
lund (16) give an average value and the range of values, from which it is possible to 
calculate the nia\imuni and mimmum \ an a nee possible (but not necessarily permis 
sible) A median possible variance was then calculated from these two figures 
Tins calculated variance agreed well with one calculated from an assumed reconstruc 
tion of the data Any errors involved in making these assumptions will not change 
the order of magmtude of the result sufficiently to alter the conclusion that the aver- 
age value is significantly different from the one reported by Plass 
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nonii il non-prcgivmi mchvidu x\ Donccldu observed normal values durmg 
the early p\icr])enum Contrariwise, jMorsc (22) mterpreted his limited 
d it i 0^5 indieating no change m the unino nitiogen of trichloroacetic acid 
fiUralcs of both whole blood and plisma during labor Our own data do 
not indicate any rise in the ammo nitrogen m the plasma until the time of 
1 ibor, ind e\on then ‘-omc of the vilucs he wnthin the range observed 
during pregnancy 

The lower unino uid md ammo nitrogen content of the plasma durmg 
piegnanc> icportcd here neccsMtatcb i iceealuation of the ammo nitrogen 
levcLs m whole blood during piegnancy Picviously the ammo nitrogen 
of whole blood has been icportcd unchanged durmg pregnancy {ze, 
essentiilly the sime as m i nompregnant individual) as determmed by 
both the colonmctiic (15, 21, 23) and the gasometne nitious acid methods 
(22) 1 hcsc obsen ations ha\ e been confiimcd by us many tunes befoie the 

pi ibina ammo acid nitrogen had been determined Smee the whole blood 
immo nitiogcn is within normal limits and the plasma ammo acid nitrogen 
and the ammo nitrogen are dcci cased and the hematociit is also decreased, 
it follows that the ammo mtiogen (but not necessarily the ammo acid 
nitrogen) of the cells duivng pregnancy is mcieased A prelimmary* 
survey indicates that the compounds present m the cells which leact wnth 
)3-naphthoqumonc-l-sulfonate do not all react with nmhydim The cells 
seem to have a noimal content (z e , noimal non-pregnant value) of com- 
pounds which react with nmhydim and a much higher content of com- 
pounds w^hieh react with j3-naphthoqumone-4-sulfonate When sufScient 
of these data have been collected, they will be presented m a separate 
paper 


SUM^LVUY 

The a-armno acid nitrogen and the ammo nitrogen in the plasma durmg 
pregnancy, labor, and the puerperium have been determined by the 
gasometne nmhydiin-carbon dioxide and by the photometiic /3-naphtho- 
qumone-4-sulfonate methods, respectively The a-ammo acid nitrogen 
was found to average about 3 2 mg per cent duimg pregnancy and labor 
and to return to a normal of about 4 3 mg per cent durmg the eaily puer~ 
perium The ammo mtiogen axeiaged 3 5 mg pei cent durmg piegnancy, 
3 9 mg per cent during labor, and 5 4 mg pei cent duimg the early puer- 
penum These last two values are significantly different from those 
obtained by the gasometne nmhydim piocedure 

We wish to thank the house and nursmg staffs of The Lymg-In Hospital 
for their cooperation m obtaining the blood samples analyzed 
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THE COMPOSITION OF C VRDIOLIPIN^ 

m MVUY c p^^G^ou^^ 

(hrnm the Division of I ahoralorics and Research, \ew York State 
Department of Health, \lbany) 

(HlclukI for public Uion, f mu ir\ 13, 1917) 

'Ihc ibolvtion of the pliObpholipiclc cardiolipm fiom beef heart was first 
reported in 10 1 1 (1) ind bomc of its chemical properties have been discussed 
m Mib‘'Cquent leports ui connection with impio\cments m methods of 
prepu ition (2—1) The prc‘:>ent papei deals with a study of the products 
of ilk lime hydroljsis The data presented have been collected from 
nuineroiis expeiimcnt*^ in wdiich samples of several lots of cardiolipm weie 
used 

Cardiolipm h easily sxponified with potassium hydroxide m absolute 
ilcohol at loom tempeiature, when the greatei part of the phosphorus- 
containing portion of the molecule is obtamed as a precipitate of alcohol- 
insoluble potassium salts This w^atei-soluble, phosphoms-contammg 
fraction is a complex cstei which breaks dowm to glyceiol and glyceiophos- 
phonc icid on acid hydrob^sis The soap solution yields fatty acids 
amounting to about 73 per cent of the xveight of cardiolipm, identified as 
oleic and Imoleic acids It does not appear that any significant proportion 
of the molecule is left unaccounted for, and one can therefore formulate 
the geneial structure of the compound on the basis of the data presented 
here 


EXPERII^IENTAL 

Hijdrolysis of Cardioh'pin 

To a solution contammg 1 03 gra of sodium caidiohpm m 150 ml of 
ibsolute alcohol w’^ere added 1 5 gm of caibonate-fiee KOH, dissolved m 
absolute alcohol The solution became cloudy wuthm a minute of mcxing 
and the precipitate then mcreased rapidly, flocculatmg xvhen the mixture 
was shaken The mixture was allowed to stand at loom temperature 
with occasional shakmg for about 2 hours, at which time the supernatant 
was clear It had previously been found that longer hydrob^sis did not 
increase the yield of the precipitate This mitial precipitate w^as designated 
Fraction K-1 (see flow sheet, below) 

* A preliminary report of this work was presented before the American Society of 
Biological Chemists at the meeting of the Federation of American Societies for Ex- 
perimental Biology at Atlantic City, New Jersey, March 11-15, 1946 {F ederatxon, 
Pfoc , 6, 149 (1946)) 
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The mixture was ceatnfuged and the precipitate thoroughly washed 
vnth several portions of absolute alcohol To the alkahne solution and 
washings were added a further 5 gm of KOH dissolved m a httle water, 
makmg the final concentration of KOH about 3 per cent The solution 
was allowed to stand overnight at loom temperature to msure complete 
saponification 

Fattij Acids — The alcohohc soap solution was concentiated zn vacuo, 
diluted with water, acidified with H2SO4, and extracted wth petroleum 
ether Further extraction of the acid aqueous solution with ether removed 
only 4 mg of blo^^^Ilsh oily material The nearly colorless petroleum 
ether extract was washed ^vith water until the ashmgs v ere free of sulfate, 
it was then dried overmght on anhydrous Na^SOi, filtered, concentrated, 
and finally tiansf erred to a weighed flask and evaporated to dryness 
The residue was dried to constant weight m a desiccator from which air 
was displaced vuth nitrogen before evacuation to about 2 mm The fatty 
acids weighed 0 751 gm or 73 3 per cent of the weight of cardiohpm hy- 
drolyzed The average of four such detenmnations gave a value of 73 0 
per cent fatty acids 

Acid Aqueous Fraction — ^After extraction with ether, the acid aqueous 
solution was neutrahzed to htmus with KOH and concentrated to dryness 
The salt mass was repeatedly extracted vnth warm methyl alcohol, the 
solution so obtamed was evaporated to dryness and the residue was taken 
up m absolute methyl alcohol and filtered from a trace of K2SO4 The 
shghtly brownish solution was designated Fraction K-2 It was made up 
to 25 ml and ahquots were analyzed for phosphorus, found, 4 45 mg of 
P or 10 3 per cent of that origmaliy piesent 

Fraction K-1 — ^The piecipitate formed m the oiigmal saponification 
mixture was a dense white powder, readily soluble in watei and extremely 
hygroscopic It was also soluble m absolute methyl alcohol Ahquots of 
a methyl alcohol solution were taken foi analysis, tound, 37 97 mg of 
P or 88 2 per cent of the oiigmal Hence 98 5 per cent of the phosphorus 
of cardiohpm was recovered m the form of methyl alcohol-soluble K salts 
by this method of hydrolysis 


Fatty Acids 

The fatty acids isolated from the petroleum ether extract formed a 
nearly coloiless viscous oil The molecular weight by titration was 279 2 
lodme numbers weie determmed by Yasuda’s modification of the Rosen- 
mund-Kuhnhenn method (5), the mean of the values found for eight 
separately piepaied lots of fatty acid was 163, the values rangmg from 
159 to 167 The high iodine number made it appear unlikely that any 
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sUuritcil uui^woh'piCi^ontiiuxLitlulcbbabimpleof 1 igm \\ as examined 
Jn tile le ul mU lUoiiul inotluKl ((>) No feitmatcd add fiaction could 
be detected 

I fydiOiji nation ~V b unpK* of the fiodib Jbol itcd icids ueighing 0 841 
gm uid hiving lu lodmc luuubci of lh3 w vs d^boKcd m 95 per cent 
vicohol vnd h>diogenitod m tlie picsentc of pidmum oxide catalyst (7) 
The reduced ituis obt uned iftci fiUi ition and cv iporitiou of the alcohol 
formed i trjbtdhnc m ibs ueighnig 0 82 gm , which was iecr 3 'stalbzed 
once from 10 ml of uctono V trice of inatcii d insoluble m the boiling 
acetone wub> removed b} fdtiatiou This substiuce, which has not been 
identified, weighed IG mg , it was insoluble in cthei oi pcti oleum ether, 
shghtl> soluble m chlorofoim and in liot etliyl alcohol V little more w^as 
probabl) lost m filtering olT the catal^^st 

The reciystillized fatty acid separated in glistening plates, weighmg 
0 611 gni The molecular weight by titration was 283 The melting 
point was GS5-G9® and there was no depression when the sample was 
mixed with known stearic acid A second crop of crystals obtained from 
the concentrated mother liquor weighed Oil gm and melted at 67 5-68"^ 

The high yield of stearic acid, amountmg to 92 per cent of the reduced 
acid recoveicd, practical!}^ limited the possible components of the oiigmal 
unsaturated nuxture to oleic, Imoleic, and liuolenic acids The high 
loduic number prov^ed that either Imoleic or Imolenic acid must be present 

In a piciimmary attempt to detect Imolemc acid, samples of the fatty 
acid nuxture were brommated m chloroform and in ether solutions at 
—5^ jMost of the product was an oil, only a veiy small yield of crystalline 
tetrabromosteanc acid being obtamed No ether-insoluble bromide could 
be detected 

^Vnother sample, 1 30 gm , was biominated in petroleum ethei at —5° to 
— 10'^ as recommended by Brown and Frankel (8) The jneld of sohd 
tetrabromosteanc acid was 1 13 gm , foi recrystalhzation^ tins was dis- 
solved in 10 ml of ether and the solution was centrifuged to remove an 
msoluble residue, which weighed 15 mg The clear ether solution was 
mixed with 20 ml of petroleum ether and allowed to stand overnight at 
3^6®, when the tetrabromosteanc acid separated m ghstening rosettes, 
m p 113^113 5^ Accordmg to Browm and Frankebs formula (8, 9), the 
yield of tetrabromosteanc acid wmuld correspond to a tetrabromide number 
of 86 9 or 84 5 per cent of hnoleic acid A mnxture of 84 pei cent Imoleic 
acid wnth 16 per cent oleic acid would have an iodine number of 167 

The chief fatty acids of cardiohpin are therefoie Imoleic and oleic m the 
approximate ratio 5 1 The presence of small amounts of other acids is 
indicated by the occurrence of a trace of ether-msoluble bromide and the 
acetone-msoluble contammant m the reduced acid fraction 
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Water-Soluble Components 

In preliminary experiments on Fraction K-1 it was found that most of 
the matenal could be converted to Ba salts fieely soluble in 50 per cent 
alcohol Only very small amounts of glycerophosphate could be detected 
The acid corresponchng to the soluble Ba salt could not be prepared intact 
hydrolysis evidently took place reachly m acid solutions, and the recoveied 
mixtures always con tamed considerable amoints of glycerophosphoric 
acid Aftei Fraction K-1 had been boiled with IlCl or H2SO4, two prod- 
ucts, glycerol and glyceiophosphonc acid, could be recoveied Glyceiol 
was identified as the tribenzoate A little free phosphoric acid was also 
formed In Fraction K-2, obtamed aftei acidification of the soap solution, 
practically all the phosphorus was piesent as glycerophosphonc acid, 
with traces of fiee phosphoric acid 


Table I 

Recovci u of Cleavage Producis of Cardiolipin 


Found on analysis | 


Radical in ongmal 
molecule j 



per 

cent 


per 

cent 

Fatty acids 1 

73 

3 

CnHaiCO 

68 

59 

Phosphorus 1 

4 

OS* 

PO 2 

8 

29 

Glycerol 1 

17 

1 

CsHfiO, 

16 

54 

Sodium 1 

2 

72t 

Na 

2 

72 

Total 



warn 


Found by analysis of intact cardiohpm, 4 18 per cent (see Table IV) 
t Previously reported (2) 


These findmgs suggested the presence of a complex glyceiyl-glycero 
phosphate ester Further expeiiments were designed to show whether 
such a stmeture could account for the whole of the water-soluble portion 
^ of the cardiohpm molecule and whether the complex ester could be isolated 
in an analytically pure state 

A sample of sodium cardiolipm weighmg 2 02 gm was saponified and 
Fractions K-1 and K-2 were separated as desenbed above Ahquots of 
these two solutions were analyzed for phosphorus and glycerol ^ Fraction 
K-1 contamed 76 0 mg of P and 317 mg of glycerol. Fraction K-2, 5 6 
mg of P and 29 mg of glycerol In Table I the data are recalculated to 
allow for the water added during hydrolysis It is evident that the recoveiy 
of matenal is essentially complete 

1 Phosphorus was gravimetncally determined as phosphomolybdate, essentially 
by the method of Elek (10) Glycerol was determined by the method of Bll^ (H) 
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Ick/ Iljdrob/sts of h faction K-l — 75 nil of an aqueous solution of 
Fru lion K-1 cent lining 0 70 ing of P pci ml were mi\ed with 15 ml of 
i onccutr il< (1 IlCl to guc i lin il icid concentration of about 2 n and 
nfluxctl in m illghsb ippiratu^^ for 3 houis Ihc hydrolysate was 
c\ iporit<d to dryness uul IICl rcmo\ed by repeatedl}^ addmg small 
portions of w itcr uul rte\aporiting to diyncss The residue was finally 
dissohid in w itcr ind the solution was transferred to a 50 ml centrifuge 
tulx' uul luutrili/cd to phenolphthalem with saturated Ba(OH )2 A 
sm ill floc< uicnt prc< iint itc formed This was collected by centrifugation 
ind w u>hul three times with w itcr It was then redissolved m a httle 
dilute HCl uul the solution w is filtered from a trace of msoluble matter 
uul igain neutrih7ed with 13 i(OII )2 The rc*foimed Ba salt was agam 
thoroughly w ished with w iter uid finally wuth alcohol, follow^ed by ether, 
and dried in lacno, weight, 0 07Gi gm 

Vll supem it lilts ind w ishings from the puiification of the msoluble 
fr letion were ulded to the m iin lot of water-soluble Ba salt The solution 
was eoneentrited to 20 ml ind mi\cd with 20 ml of alcohol, yieldmg a 
coirsel}^ flocculent precipitate of barium gl 3 ^cerophosphate This was 
icdissoKed in water, centrifuged to icmove a furthei trace of the msoluble 
friction, and again precipitated with an equal \olume of alcohol The 
precipitate was washed with alcohol and ether and dned in vacuo, weight, 
0 1130 gm A second crop was obtamed by concentiatmg the 50 per cent 
alcoholic mother liquors to 10 ml and precipitating with 20 ml of alcohol, 
this weighed 0 0157 gm and was added to the mam lot For analysis, a 
sample of the pooled Ba glycerophosphate fraction was dissolved m water, 
freed from a trace of the insoluble fraction, reprecipitated with an equal 
volume of alcohol, and dried to constant weight at 140° in vacuo 

CjJItOiPBj. Calcuhitcd Ba 44 54, C 11 68, P 10 05, glycerol 29 85 

Found 11 95, 11 77, 10 19, ‘‘ 29 53 

The 50 per cent alcoholic mother hquors from purification of the glycero- 
phosphate w^cre evaporated to diyness, the lesidue was e\tracted with 
acetone, and aliquots of the clarified acetone solution were analyzed by 
the Blix method to determme free glycerol 
The results are summarized m Table II The two major pioducts, 
glycerol and glycerophosphoric acid, account for most of the material 
Fractionation of Fraction K-1 — The major component of this fraction 
was isolated m the form of its Ba salt 
Fraction K-1 from the saponification of 1 87 gm of cardiohpm was dis- 
solved m absolute methyl alcohol and the solution made up to 50 ml , it 
con tamed 1 412 mg of P per ml , or 90 3 per cent of the total phosphorus 
To 48 0 ml of this solution, contammg 67 8 mg of P, were added 1 5 ml of 20 
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per cent aqueous BaCU A heavj^ flocculent precipitate formed The mix- 
tuie was allowed to stand 2 houis in the ice bo\ at 3-6° and the precipitate 
was then collected centrifugation, washed seveial tunes with methyl 
alcohol, dissolved m water, and the solution made up to 50 ml Analysis 
shoued 1 176 mg of P per ml , xepiesentmg 78 3 per cent of the total 
phosphorus and 86 7 per cent of the phosphorus m Fraction K~1 The 
matenal thus precipitated as the Ba salt was designated Exaction A 
The supernatant and washings from Fraction A A\ere concentrated 
in vacuo almost to dr^mess and dissolved m water The clear aqueous 
solution was warmed with a shght excess of K 2 SO 4 and the BaS 04 precipi- 
tate washed several times unth hot v ater The resultmg aqueous solution 
of K salts was evaporated to diymess in vacuo and the lesidue was extracted 


Tvble II 

Products of Actd Hydrolysis of Fraction K-1 


Fractioa 

Phosphorus 

Glycerol 



per cent of total 

ms 

per cent of total 

Crude Fraction K-1 

56 9 

100 

238 

100 

Ba glycerophosphate 

46 5 1 

81 7 

138 ' 

58 

Insoluble Ba salt* i 

8 17 

14 4 

6 4 

2 7 

Orgamc P ' 

3 57 1 

6 3 



Phosphate P 

4 60 

8 1 



Free glycerol 



84 

35 3 

Total recovered 

54 67 

96 1 

228 4 

96 0 


* Dissolved in dilute HCl and aliquots taken for analysis Inorganic P v^as de- 
termined by precipitating the sample directly with the Piegl molybdate reagent 
In a control test, a glycerophosphate sample allowed to stand overmght with the 
reagent did not split off any phosphate The difference between the inorgamc P 
and the total found after fusion gave the orgamcally bound P 

With several portions of waxm methyl alcohol The msoluble portion 
consisted of K 2 SO 4 and was discarded The meth 3 d alcohol solution uas 
evaporated to dr 3 axess and the residue tieated with absolute ethyl alcohol, 
m which most of it uas soluble The eth^d alcohol solution, Fi action B, 
contained 6 43 mg of P or 9 5 per cent of the total m Exaction K-1, the 
small msoluble portion, which was soluble m methyl alcohol and appeared 
to be the K salt corresponchng to Fraction A, contamed 1 98 mg of P 
or only 2 9 per cent of the total 

It is not clear as yet whethex the alcohol-soluble K salt here isolated 
could have been present as such in the ongmal precipitate of Fraction K-1 
Smee no leagents othei than neutral salts wexe used and smee the separa- 
tion of Fractions A and B took place meiely by pxecipitation of the Ba 
salt of Fraction A with BaCb, it would seem that hydiolysis of an ongmal 
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compound of Ir ictions V uul li c\oludcd Fraction B might have been 
held m (he oiigind pu(ii)il ik b} idsoiption on the insoluble K salt of 
hraction V Furthi r s(ud\ of friction K-l bv othei methods A\ould be 
iKccssm todottrmiiu thi^ point 

Ihc ilcohoho ‘loUUiou of llu K bdt of bi iction B ga\e a faiily heavy 
flocniltnt prenpil ilc on llu* uldition of xlcoliolic CiCb The Ca salt so 
prepired w ib rt uhh soluble in ineth>l dcohol Vttempts to punfy it by 
rcprc^ipit ition witli ibboliitc eth\l alcoliol fiom iqiieous or method alco- 
holu solution wero unsuccessful, is its solubility m the mixed solvents was 
too grcit One simple u is pirtl}' purified b}" fust cashing thoroughly 
with ctiul iltohol, tlun dissohing the precipitite in meth3d alcohol and 
filtenng from i little insoluble m ittoi The meth}! alcohol-soluble salt 
w IS dried lor mal^^'is, found, P 13 Gl, C 21 24, Ca 7 28 This fiaction 
was presumabb'' a inixtuie 

Purification of Ba Salt of hracUon -1 — Se\eral lots of the Basalt, totaling 
3 gm , were pooled foi purification Ihc salt was dissolved in 25 ml of 
IIiO and the shghtli cloud}'' solution was mixed with 25 ml of alcohol 
V very small oily prceipit itc formed, which w^as ledissolved m 5 ml of 
IIsO and mixed with 5 ml of alcohol, it then yielded a flocculent precipitate 
of Ba gl} wcrophosph ite Vftci two moie leprecipitations from 50 per 
cent alcohol the gl}tcrophosphate weiglied 0 31 gm or about 10 per cent 
of the total 

The pooled 50 per cent dcohol solutions wcie coiicen tinted in vacuo to 
about 25 ml and poured into 250 ml of absolute methyl alcohol The 
flocculciit precipititc w is collected aftei refiigeiatmg overnight The 
cycle of solution in w itci, piccipit ition with an equal \olume of alcohol, 
and reco\cry by piecipitation into ineth}l alcohol, was lepeated foui 
times more m ordci to icmovc fuithei traces of glycerophosphate and 
water-msolublc Ba salts The purified salt, diied by w^ashmg with alcohol 
and ether, weighed 1 25 gm , it w^as a dense hygioscopic white powder 
readily soluble in water or 50 per cent ethyl alcohol A second ciop of 
1 1 gm was recovered by concentratmg the dilute methyl alcohol mother 
hquors and once more piccipitatmg wuth absolute methyl alcohol 

For analysis, the puiificd salt was dried to constant weight in vacuo at 
140° The results aie piesented m Table III, together with the calculated 
values for compounds contauimg two, three, and four glycerophosphate 
radicals The presumable structure of the compound is discussed below'', 
its composition agrees well with that calculated for a compound made up 

3 glycerophosphoric acid molecules and 1 additional molecule of glyceiol 
(Table III, column (b)) 

Thus, the water-soluble fraction of hydrolyzed cardiolipm consisted 
largely of a smgle substance, Fiaction A, which w^as easily separated as 
the Ba salt Second m amount was the lathei ill defined Fiaction B, 
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The estei linkages aie aibitiaul}^ ^\ntten in the a position There is no 
evidence on tins point as yet eithei a oi p linkages oi both might be 
present, and numerous isomeis aie obviously possible It is also clear 
that mcomplete hydiolysis of this estei could gne a complex mLxtiue of 
pioducts, depending on which Imkages ueie bioken It is interesting 
to note that the second estei linkage m the polyestci is quite easily hv- 
drolyzed, m contiast to the gieat stabiht}" of gl} ceiophosphoiic acid 
itself 

Two mterpretations of the lesults obtamed fiom the stud} of Fraction 
K-1 aie possible (a) Fiaction A, having Foimula II above, lepresents 
the mtact skeleton of the caidiohpm molecule, while the othei fractions 
are products of partial hydrolysis, oi {b) Fiaction A is only a part of a 

T^BLIi IV 


Composition of Sodiuin Cardiohpm 



Found 


Calcubtcd* 



(a) 

{&) 

(c) 

Carbon, % 

64 98 

65 66 1 

65 13 

64 60 

Phosphorus, % 

4 18 

4 23 i 

4 20 

4 17 

Sodium, % 

2 72 

3 14 1 

3 12 

3 09 

Fatty acids, % 

73 0 

76 63 

76 01 

75 40 

Glycerol, % 

17 5 

16 78 

16 64 

16 58 

Iodine No 

120-125 

127 2 

126 2 

125 1 

Mol wt per P atom 

740-748 

732 

738 

744 


* (a) Calculated for the formula Ci 2 oH 2 osO‘» 4 p 3 Na 3 (Formula II), with eleven 
double bonds (five Imoleyl radicals and one oleyl), mol t 2195, (5) formula (a) + 1 
molecule of H.O , (c) formula (a) H- 2 molecules of H 2 O 


laiger complex oiigmally present, which bieaks doum into Fractions A 
and B durmg saponification Assumption (a) seems somewhat more 
plausible, especially since as much as 78 pei cent of the total phosphorus 
can be isolated m the form of Fraction A If (a) is collect, cardiohpm has 
the stmctuie given in Foimula II, with the hydioxyl gioups esterified 
by Imoleic and oleic acids The foimula contams six available hydroxyl 
groups, or two foi every phosphorus atom, and it may be recalled that 
hnoleic and oleic acids ^^ere found m a ratio of 5 1 Thus it is at least a 
plausible assumption that caidiohpm repiesents a smgle compound of 
constant fatty acid composition, m contiast to the case of lecithm and the 
cephahns, which are mnxtures of compounds of different fatty acids 
Table IV presents a comparison of the analytical data obtained ivith 
the values calculated on the assumption that the structure of cardiohpm 
corresponds to Foimula II It will be seen that the agreement is reason- 
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ibly rioso, inrlirul irl\ if the furtlicr 'issuinption is made that the molecule 
in i\ be In (Ir lied 

'llic idcntifii itiuii of L oi\ l-gl^cerophosphatc ester as a component 
of nituril i)rodutts Ii ij)piien(I> not been previously reported On 
ircounf of tbr I ibili(\ of ‘^luli esters to icid hydrolysis, they could not be 
isol lied liter ( lo u n;e of i phospliolipidc b} the common method of boilmg 
witli lodroclilonc or sulluiit u ids Rc( ent studies (13, 14) have demon- 
strated the tKcurrcnic of i \ ‘inotj of complex phospholipides m plant and 
uiim d sourtLs, ind other e\ imples will doubtless be found It Avould be 
interesting to know w hether the gl}eei\ 1 glyceiophosphate structure occurs 
in other phospholipides th m c udiolipui 

Vmong prcMoubb known phospholipides the nearest analogy to cardio- 
hpiii 13 the groiij) of ])hos])h itidu acids discovered by Clnbnall and Channon 
in plants (15, IG) and formul ited b} them as diglycende phosphonc acids 
Like cardiolipin, the phosph itidic acids occur naturally m the form of 
salts, uid it m i> be noted th it the solubihty of their salts as described by 
Chibnall and Cliannon is similai in geneial to that of the correspondmg 
salts of cardiolipin 


SUMMAUX 

The products of alkalme h 3 ^drolysis of cardiohpm were identified as 
Iinoleic acid, oleic acid, and a polyester of glycerophosphonc acid and 
glycerol A tentative formula is presented Cardiohpm is best classified 
as a complex phosphatidic acid 
Further work on the structure of cardiohpm is m progress 
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TIIIC IbOLVTION OF THE G-PYRIDONE OF 
N*-MhTIIYLNICOriN VMIDE FROM URINE 

Ih U I LGI \L KNOX \m) WILLLUI I GROSSM VX 

(I^Tom the I }ui/mc I ahoTdlory^ Dipartmuil of Uctficuic, College of Physicians and 
SuTijeun^^ Umvcrsiiyj New York) 

(IlLtuiMii fur j)ul)ht xlion, rtbruxr> 12, 1917) 

Ihe G-i)>ndone of N*-methyliiicotinamido ^^as first identified as the 
product of the o\ui itioii in iilro of N^-methylDicotmamide by the quinine- 
oxidizing enzyme of ribbit livci It was subsequently isolated from 
hum in urine ifter nicotin imidc administration (1) The isolation, 
identification, uul properties of this new derivative of mcotmamide are 
described m this p qier 

Unzymic Formation of the Pyridonc — The product of N^-raethylnicotm- 
imidc o\id Uion w cs in icle by incub itmg N^-methylnicotmamide aerobi- 
call}" with purified quinine o\idi/ing enzyme prepared as previously de- 
scribed (2) Vn excess of 011231110 (50 ml contammg 70 cmchomdme 
units per ml) was used to oxidize 100 mg of N^-methylmcotmamide 
chloride it pll 8 5 ind 37° The leaction w^as taken to completion by 
following the ox3"gen upt ike of a pilot run The chaiacteristic absorption 
cur\e of the product, which can be obseived m a metaphosphoric acid 
filtrate of the reaction muxtuic, was used to follow the compound through 
the Isolation procedure After the solution w"as deprotemized with 
metaphosphoric acid, it was neutralized, saturated with sodium caibonate, 
and then continuously extracted with isobutyl alcohol The alcohol 
extract w"as dried wuth anhydrous calcium suFate, evaporated, and the 
residue taken up m boilmg acetone Upon slow evaporation of the acetone 
solution, 30 mg of reddish needles in rosettes separated After three 
recrystallizations fiom acetone, nearly white crystals with a constant 
melting point of 212-214° were obtamed 

Analysis — CiIIaO^Nj Calculated C 55 24, H 5 31, N 18 42 
Found 55 15, 5 31, 18 45 

The compound is readily soluble m water and alcohol, and nearly insoluble 
m less polar solvents Both aqueous and alcoholic solutions have the 
same absorption curve, which changes little, if at all, throughout the pH 
range and which is identical with that seen m the deprotemized enz3Tne 
solutions (Fig 1) 

Isolation of Pyndone from Unne— The method for isolatmg this com- 
pound from urine is based on the behavior of the enzyrnically prepared 
pyndone subjected to vanous fractionatmg procedures The urme was 
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collected with acetic acid as preservative and kept refrigeiated until used 
It was decolorized by precipitation with 3 gm of basic lead acetate per 
100 ml at pH 10, filtered, adjusted to pH 2, and lefiltered Lloyd’s 
reagent, 10 gm per 100 ml , was then added and filtered off after 15 mm- 
utes The Lloyd’s reagent was washed with 0 01 N HCl, and then twice 
eluted with absolute ethyl alcohol The alcohol eluate was evaporated, 
and the residue dissolved m a small volume of water 
The aqueous solution was satuiated ivith sodium carbonate and ev 
tiacted twice with equal volumes of isobutanol The isobutanol solution 
was dned with calcium sulfate and then evaporated The residue was 



Fig 1 Absorption curves of 6-pyridone of N^-methylmcotinamide (O) anci of 
N^-methylmcotinamide chloride (•) in water at pH 7 

repeatedly extracted with hot acetone Ciystals were obtained from the 
acetone solution after reducmg its volume and alloiving it to stand over- 
mght m the cold Additional crops were obtained by further evaporation 
Upon recrystalhzation from acetone, oi more convemently from water, a 
low melting impurity is removed, and the resultmg compound melted at 
211 - 214 ° The mixed meltmg pomt with the enzymically prepared 
pyndone was unchanged, and the absorption curves of the compounds 
, from both sources are identical 

H'-Methylmcotmamide subjected to this isolation procedure was lost 
at the adsorption step, and no pyndone was formed m the procedure 
Ideniificatton of the Pyndone— The quimne-oxidizmg enzyme specifically 
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o\uli7t^, 111 (he a poMlion, (cri un heteiocyclic lings that contain an active 
a hydrogen '1 lu t oinjiuund piepued by the action of the enzyme on 
N**inethN Inu otin miid( iiul iNo i^^oIUcd from mine must consequently 
be one of the two a p^ndoms of N^-mcthylnicotinamide This formula- 
tion con‘'Wt( lit witli (lu element 113 anilyijis 

It w po^'^ible to identify the compound isolated from both sources as 
the 0 p\ridune of 2s*-intthylnicotm imide by hydrolyzing it to the cor- 
responding icid, ^ince both the 2- ind the G-p^^idones of N-meth3dmcotimc 
acid are known ind h i\e widely ditTeient melting pomts Hydrolysis of 
100 2 mg of the i)> ndonc from urine w is earned out by refluxmg m sodium 
nieth} 1 itc under nitrogen until the calculated amount of amide ammoma 
was freed (70 liour‘3) Ihe solution was acidified and evaporated to 
dr} ncsb ind the product t iken up in absolute ethyl alcohol After dist illin g 
the alcohol, the brown residue w is dissohcd m G ml of boilmg water 
About CO ing of wlutc needles crystallized out on coolmg These melted 
at 239-210® after two rccr^stallizations from water 

I»a/I/£I5-C7ir OjY C ilcul Uul C >l 90, II 1 61, N 0 15 
lound 51 SO, “ 1 37, 0 36 

The G-pyndone of N-inetli}lnicotimc acid, synthesized from coumahe 
acid and methyl imme (3), melted at 210-241® (mp 238-240® (4)), and 
the mixed melting point wnth the acid prepaied by hydrolysis was 237-241® 
The melting point of the othci isomei, the 2-pyndone of N-methylmcotmic 
acid, lb given as 183® (5) The acid from the hydrolysis was also con- 
verted to the methyl ester This melted at 137®, m agreement with the 
melting point recorded for the ester of the 6-isomer (6) The pyndone 
isolated from the enzyme reaction and from urme is, therefore, the 6 
derivative (l-mcthyh3-carbo\ylamide-6-pyridone) 

Relation of the Pyndone to Nicotinamide Assays — By the previous 
methods used to deteimme the derivatives of mcotmamide apparently 
little or none of this compound has been assayed The p3Tidone cannot 
replace nicotinic acid in the bioassay with Lactohaadlus arahinosus, nor 
coenzyme I foi giowth of Hemophilus parainjluenzae It fluoresces only 
shghtly under the conditions used for N^-methylnicotmamide analysis 
(7), and is eliminated by either the charcoal or the Decalso adsorption 
steps usually employed m this proceduie In addition, the pyridone 
forms DO color in the general reaction for N-methylnicotmamide compounds 
developed by Sarett (8), noi m the cyanogen bromide reaction (9) New 
analytical procedures applicable to this compound will be published later 

SUMMARY 

1 A new metabolite of mcotmamide, detected by study of the enzyme 
oxidizing N^-methylnicotmamide and subsequently isolated from urme, 
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has been identified as the 6-pyridone of N^-methylnicotmamide (1-methyl- 
3-carboxylarQide-6-pyridone) 

2 Approximately 10 per cent of admmistered mcotmamide was isolated 
from human nrme as the pyndone 

3 This compound has appaxently not been estimated by previous 
methods for the determmation of mcotmamide derivatives m urme 

It is a pleasure to acknowledge the support of Dr David E Gieen during 
this mvestigation The LactohacilluB aiobinosics assay was kmdly per- 
formed by Dr Saul Rubm of Hoffmann-La Roche, Inc Dr Hattie 
Alexander furnished the Hemophilics parainjliiemae strain for the V factor 
assay The elementary analyses m ere perfoimed by Mr Wilham Saschek 
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'run vcnoN of tyrosinase on ciiymotrypsin, 

TRYI'SIN, VND PEPSIN 

Ih I'LllIl LDMVN* 

(/ run i he Roef cfcllcr Inshlutc for Medical Rczcarch, Princeton) 
for public ition, Jauu'iry 20, 1917) 

'ilu u tioii ol Uk m/N luc t\ ro''in vso on proteins has recently been made 
lh^MlbJ^tLof i '^tiuK In hiArO) lU has claimed that among a variety 
of proU in'! U''t<(l tho''< whuh (ontained tj'iosme could be oxidized by 
firo'in.is, t ith( r din( (h or iftcr pictrc itment with tr 3 ’pbm Theprotems 
moit '•iisctjitible (o the u lion of t 3 rosinase were said to be the proteolytic 
ciuvnua th\ motr\ p^in, tnp^in, ind pepsm Furthermore it was stated 
that the jirokol^ tie activitRs of these enzymes were not decreased after 
the o\id itioii In h ro->in lae of a certam part of the tviosme lesidues, and 
the mfereiitc w la draw n that the intactness of at least a part of the tyrosine 
rcsiduea w la not csmuIi il foi the action of the enzymes This question 
liaa lieeii rcin\ cstig tied m tlua 1 ihoiatory as it seemed to us that foi several 
reasons the expeument il conditions used by Sizer did not permit an une- 
quivocal mtcrjirct Uion 


Methods and Results 

We ha\c m our experiments tried to keep the experimental conditions as 
close as possible to those used by Sizer 

The ciystalhne proteolytic enzymes w'ere all prepared m this laboratoiy 
(2— i) Stock solutions of the enzymes were made up m dilute hydrochloric 
acid at pH 3 to i and at a concentiation of 50 mg per ml calculated on diy 
substance The chyinotiy^psin and trj psin preparations contamed about 
50 per cent magnesium sulfate The protem concentration was calculated 
from the Kjcldahl mtiogen 

The tyiosinase prepaiation used was prepared from common mushrooms^ 
and had an activity of 500 Miller and Dawson catecholase units (5) and 
10 Adams and Nelson p-cresolase units pei ml (6) 

The oxygen uptake was followed m the Warburg apparatus at 37 0° 
and at a shaking rate of 120 complete oscillations per mmute All expen- 
men ts were perfoimed m the followmg way, with one exception stated 
below q'o the reaction flask which had a volume of about 5 ml were 
added 1 6 ml of m/15 phosphate buffer, pH 7 3, 0 2 ml of the neutralized 

* Fellow of the Medical Research Council of Sweden 

' Kindly supplied by Professor John M Nelson of the Department of Chemistry , 
Columbia University, New York 
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proteolytic enzyme solution, and 1 drop of toluene Into the side arm was 
introduced 0 4 ml of the tyiosinase solution, togethei with 1 diop of 
toluene It was found necessar}^ to let the vessels shake m the constant 
temperature bath foi 2 to 3 houis in order to attam gas equilibrium 
After that tune the e\periment was started by lULxmg the solutions When, 
at the end of the expeiiment, the ox>"gen uptake had ceased, tyrosme was 
added m order to test the activity of the tyiosinase In all the experiments 
the tyrosmase was found still to bo actn^e Controls were also inn, 
differmg only m that boiled t} rosmasc solution w'as substituted for the 
active tyrosmase 

In 01 del to find the equivalency of t 3 U 0 sine to ox^^gen in the oxidation 
by tyiosmase, runs have been made wuth vaiious amounts of tyrosme 
oxidized by tyrosmase to completion On the average 1 mg of tyrosme 
took up 205 microUteis of oxygen An equivalenc}^ of 3 atoms of oxygen 
per 1 mole of tyiosme would coirespond to 186 miciohteis of oxygen 

Non-protem tyrosme and tryptophane w^eie determmed m the tri- 
chloroacetic acid filtrate by the method of Folm and Ciocalteau wnth 
Anson^s modifications (7) These deteimmations weie made both on the 
stock enzyme piepaiation piioi to the mcubation and on the control vnih 
boiled tyrosmase at the end of the expeiiment Tins figure cannot be 
compaied directly mth the tyiosme equivalent of the oxygen absorbed, 
smee the formei lepresents both tyiosme and tryptophane 

The reactions weie also follow^ed by measuiements of the proteobdic 
activity In addition to the measurements of protease activity after 
mcubation with boiled or active tyrosmase, the activity w as also determmed 
before mcubation to determme the effect of the experimental conditions 
on the pioteases No difference m activity was ever observed between 
the samples meubated with active t 3 ^rosmase and those meubated with the 
mactive piepaiation Chymotiypsm activity was detennmed by the 
milk clotting test m the same way as that described by Heriiott for pepsm 
(8), trypsm activity by a new spectrophotometric method, wmrked out 
by Kimitz (9), and pepsm activity as described b 3 ^ Anson (7), wth the 
modification that tyrosme and tryptophane were measured spectropho- 
tometncally 

To make a comparison wuth Sizei’s results moie convement oui results 
have been recalculated to a common basis of 25 mg of protease preparation 
This recalculation mvolves only the multiphcation by the ratio of the 
amount of pioteolytic enzyme preparation used by Sizer and that used 
by us 

The results are presented m Table I and Fig 1 but require some com- 

ments , ^ 

In the case of chymotrypsm there was a slow uptake of oxygen wmc 
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luin I 

h\c I)/ iy Mij <»/ C fijiuolrypam^ '1 rv/nui, and Pepsin Preparations at pH 7 3 

and uith and uif/iouf Tprosinasc 


2 

1 

Kcactjoi 

time* 

ToUl 

ox>gcn 

uptake 

Non protein lyrosme and 
tryptophane m absence of 
tyrosinase m mg tyrosine 

Per cent 
loss m 
proteolytic 
activity 

Initial 

Final 

j 

1 I^x 

i) tcrchUn 

■■ 

! 


Cioinotr^p^jin 

' n 

72 

mBM 

0 47 

0 

Tr^pMii I j 

u 

320 


3 05 

100 

l\psm I j 

bj 

202 

\ 0 05 

1 00 

100 

" 1 

S 

CO 

; 0 11 

0 23 



* la the re ictioa lunc is included the equilibration time prior to the addition of 
the t> robin 



Fig 1 Oxygen uptake catalyzed by tyrosinase of preparations of crystalline chy- 
motrypsin, trypsin, pepsin, and tyrosine Each curve represents the oxygen uptake 
of 25 mg of enzyme preparation in the presence of about 1 ml of tyrosinase solution 
The tyrosine curve represents 2 5 mg of tyrosine oxidized by 0 1 ml of tyrosinase 
solution 
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ceased aftei about 1 hour In the staiting matenal there was present a 
small amount of non-pro tern tyiosme and tryptophane, which showed a 
shght mciease during the experiment No decrease could be observed in 
the proteotytic activity as compared vith the starting material 
The results with tiypsm (Tiypsm I, Table I and Fig 1) \\eie quite 
different A consideiable oxygen uptake was observed Theie was also 
a foimation of large amoimts of non-piotem tyiosme and tiyptophane 
duimg the expeiiment Fuithei, no pioteolytic activity was left aftei 
the 9 houis duration of the experiment A ceitam amount of this non- 
pro tern tyiosme and tryptophane must have been formed during the 
equihbration time of 3 hours piioi to the addition of the tyrosmase In 
Older to escape this pieliminaiy decomposition of tiypsm the experiment 
w^as modified m that, duimg the equilibiation tmie, the acidified ti’^psin 
solution was kept m the side arm mstead of the tyiosmase solution As 
may be seen (Tiypsm II, Fig 1) the mitial rate of oxygen uptake was 
markedly slow^er m this case 

The pepsm preparation also took up large amounts of oxygen when 
treated wnth tyiosmase (Pepsm I, Table I and Fig 1) The staitmg 
matenal contained consideiable amounts of non-protem tyrosme and 
tryptophane No pioteolytic activity w^as left at the end of the experi- 
ment It was found, however, that this loss in activity occur led almost 
mstantaneously after the neutralization of the acidified stock solution of 
pepsm This was to be expected, smce swme pepsm is known to be 
rapidly destroyed under the conditions of the experiment (10) 

Denatuiated pepsm was prepaied from native pepsm by adjusting the 
pH of its solution to 7 3 The denatuiated pepsm was then freed from 
the mam part of the contammatmg non-piotem tyrosine b}’' lepiecipitating 
the protem seveial tunes at pH 4, at which the denatuiated protein has a 
mmimiim of solubility This prepaiation w^as then subjected to the 
treatment with tyi osmase As may be seen (Pepsm II, Table I and Fig l)j 
the piepaiation had then lost by fai most of its ability to be oxidized by 
tyrosmase In spite of the puiification the denaturated pepsm still com 
tamed a small amount of non-piotem tyrosme and tiyptophane and an 
additional small amount was formed duimg the mcubation 

DISCUSSION 

Fiom the results obtained ceitam facts appeal, many of which have 
been known foi a long tune In the first place it is showm that all the 
enzyme preparations tested contam a greater oi lessei amount of piotem 
spht-products This is generally the case when no special precautions are 
taken to avoid it It is also demonstrated m the case of pepsm that when 
the mam part of the non-protem tyrosme is removed the capacity of the 
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inyMui pri,]) ir Uiuii (o Iji o'uii/t.(l b> tjiobinise is also mainly lost 
C onHiiuiiith ihi* iiifi 1(1110 must be driun tint the mam substrate for 
the t\ro''ini-'L i> (he prolt m '■pht-products picsent Vctuallj we have 
not lx (II ible to obt im umquKix d e\ identt of the action of tyrosinase 
on iin of the proti im-, nui xti*; itod 

In (lu t iH ()l (lu ^i(ii ition is more (omplicatcd m that this 

inr\inL is uii^'t ihli it j)II 7 i (II) uui is lapidl} autolyzed during the 
uuuhition, with llu foimition of non-piotem t\rosine ^Vhen, however, 
tiyp'-m is iiuiibitid foi H\(ril liours it pll 7 3 pnoi to the addition of 
t% rosji) , ilu‘ miti il r iti of o\ul Uion In t} losinase is much faster, which 
lUu strun^h indu it< s Ihit it is tiu split-pioducts contauiing t3"rosme 
whuh irc (j\i(li7cd 

11k bchiMor of ih\motr\i)sm is not in conflict with the explanation 
propo-H d '1 he ^m dl owgtn upt ike might well be explained by amounts 
of lum-protciii iNro^ine jirc^ent 

It bus been clumtd b\ Suci tint the proteol}tic actnities of tr^psm 
ind pepsin weic nut deen iscd during the mcubation with tyrosmase at 
pH 7 3 11ns st ikimnl ^eems difficult to reconcile with the well estab- 
hslicd f lot th it c I \ st ilhne tn psin is \ cn unstable at this pH in the absence 
of its substnte (11) Fuither, it has been known for a long time that 
pepsin ib nrc\ersibl\, conipleteh, and almost mstantaneously mactivated 
it a ncuti d reiction (10, 12, 13) Ihcse circumstances were confirmed 
in our experiments m which wc found a complete lossm pioteolytic activit3^ 
of these (nz3mes iftei the incubation The mam cause of these chvergent 
results must be tint Sizci in his actiMt3 measurements used only the 
eiU3mc solutions incubated with mactive tyiosmase as contiols, whereas 
we in addition used the oiigmal, untieated enzyme solution for the same 
purpose The ciiz3me solutions meubated with boiled tyrosinase, how- 
ever, are msufficient controls, as they have imdergone a profound decom- 
position wduch 13 ciuite independent of the piesence or absence of tyrosmase 

SUiUUARY 

The action of tyrosinase on chymotrypsm, ti^'^psm, and pepsin has been 
studied The start of the leaction depends on the punt3'’ of the protease 
preparation used Pieparations which contam non-protem tyrosme 
absorb considerable cpian titles of oxygen, whereas m those w hich have been 
freed from most of the non-protem tyrosme there is much less reaction 
Some decomposition occurs durmg the course of the reaction itself, 
especially m the case of trypsm , so that it is diflScult to say wuth certamty 
that no leaction occurs with the protein, although such a reaction seems 
unhkely 

Pepsm IS mstantly mactivated at the pH of the reaction mixture, so 
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that no conclusion as to the effect of tyrosinase on the activity of this 
enzyme is possible 

The author wants to thank Dr J H Northrop for suggesting this work 
and foi many helpful discussions 
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V NlOW SYXl'IIFSrS OF DIENKOLIC ACID 

Ih M VU\ 1\ 1) MniSIUONG \nd VINCLNT du VIGKEAUD 

(/ rom the I)c}uir(wcii{ of Jhochcjuistry^ Conull Umvcrsily Medical College , 

Xcw Yor} City) 

(Hccluc< 1 fur i)ul)lic ition, 1 ebruary 12, 1917) 

Sc\cril }eir5» consider xl)lc interest \\ns aroused by the discovery 
by van Wen ind Ily ni in (1) of a new natuially occurring suFur-contaimng 
unino icid which the} had isol itcd fiom the djenkol bean {Pithecolobium 
lobalmn) ind n lined djenkolic acid They show^ed that it was probably 
the c}*^teinc thioacetal of formddehydc This structure was confirmed 
by du Vigne uid uid Pxttcr&on (2) wdio synthesized the i-cysteme thioacetal 
of fonnildeh}dc by the condensation of methylene chloride xvith 2 moles 
of f-cystcine in licpiid unmonia and showed their synthetic compound to 
be identic d with the naturally occuriing djenkohe acid 
Van Veen ind Hyman suggested that the natural synthesis of djenkohe 
acid in the jd uit might occm by a condensation of formaldehyde and 
cysteine Such thioicctils were apparently not formed by condensation 
of these compounds under conditions studied at that time or later by 
various workers (3-G) Whenever aldehydes or ketones were caused to 
react with cysteine, the product was eithei an addition compound (I) or 
a thiazohdincc irboxylic acid (II) 

on mh 

I I 

11— C— S— CHi— CH— COOH 

I 

U' 

(I) 

A further study of the reaction of aldehydes and ketones with cysteine 
has led us to the synthesis of djenkolic acid by the direct combination of 
2 moles of cysteine and 1 mole of formaldehyde m a strongly acid solution 
This condensation is best effected by addmg 1 mole of formaldehyde (40 
pel cent formalm) to a concentrated solution of 2 moles of cysteme m 
7 N hydrochloiic acid at room temperature The reaction proceeds with 
moderate speed at room temperatme but may be hastened by warmmg 
the reaction mixture to 70° The identity of the product with djenkohe 
acid was shown by a comparison of its physical and chermcal properties 
and those of three of its derivatives with samples made from synthetic 
djenkohe acid prepared by the method of du Vigneaud and Patterson (2) 
Schubert (3) studied the reaction of formaldehyde and cysteme m a 
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buff ex ed solution and found that 4-thiazolidinecarboxylic acid was formed, 
and Ratnei and Clarke (4) measured the rate of its formation m solutions 
vnth a pH between 1 5 and 12, finding that the rate was measurable up 
to pH 5, at a higher pH than this, the reaction proceeded too fast to be 
measurable In the present study it was found that the formation of 
djenkohc acid proceeded to a negligible amount m acid less concentrated 
than 5 n 

Ratner and Claike showed that m the formation of the thiazohdme- 
carboxylic acid the leaction proceeded by an mitial reaction of formalde- 
hyde with the sulfhydryl gioup of cysteme, followed by elimination of 
water with rmg closure to give 4-thiazohdmecarboxylic acid In the 
present study, it has been found that the addition of 1 mole of formaldehyde 
to 1 mole of cysteme m 6 N HCl likeivise results mainly m the formation 
of 4-thiazolidmecarboxylic acid In the presence of an excess of cysteme, 
djenkohc acid is mainly foimed Prelimmaiy experiments have mdicated 
that the thiazolidme foimation m the absence of an excess of cysteme 
takes place at a much slower rate than the formation of djenkohc acid 
m the presence of an excess of cysteme The formation of djenkohc 
acid may proceed stepwise with an mitial rapid addition of cysteme to 
formaldehyde to give a hemithioacetal, followed by a slower addition of 
a 2nd molecule to form djenkohc acid 

NHa HCl NH. HCl 

I I 

HCHO + HSCH2CHCOOH > HOCHSCH2CHCOOH 

NHj HCl 

1 

HSCH2CHCOOH 

/ 

NH. HCl 

I 

SCH2CHCOOH 

/ 

CH2 

\ 

SCH2CHCOOH 

I 

NHj HCl 

EXPERIMENTAL 

Prepaiation of Djenkohc Acid — To a solution of 10 0 gm of Z-cysteme 
hydrochloride m 20 cc of 6 n HCl were added 2 6 cc of 40 per cent formalm 
The resultmg solution was warmed to 70° and allowed to cool to room 
temperature and stand overmght It was then neutrahzed by the addition 


S CHa 

/ 

CH2 

^NH — CH — COOH 
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of 6 N NaOH solution and the precipitated djenkolic acid was collected 
and washed m ith watei This mateiial, after standing in a sodium cyanide 
solution, gave a famt positive test for the sulfhydiyl gioup when tieated 
with sodium mtiopiusside To lemove the small amount of cystme 
contammation, the moist acid was suspended m 100 cc of ivatei and 
concentrated ammonium hydioxide was added diopwise until all of the 
material dissolved, 1 5 gm of sodium cyanide were added and the resultmg 
solution was allowed to stand at room temper atuie for 30 minutes It 
uas then made neutral to litmus by the addition of glacial acetic acid 
(Jiood) and the precipitated acid was collected and washed twice with 
water It ^\as lecrystalhzed by suspending it in 100 cc of water, heatmg 
to boihng, and addmg 6 n HCl drop wise until the material just dissolved 
The hot solution was filtered and then carefully neutralized by the addition 
of 6 N NaOH with vigorous stiiring at the boiling pomt The suspension 
was cooled and filtered, and the product was washed three times with 
water and dned in vacuo at 95^^ The yield was 5 5 gm (68 per cent of the 
theoretical amount) of a product which gave a negative test for the sulfhy- 
diyl and disulfide groups and foi the chloride ion The compound did not 
exhibit a defimte meltmg pomt but gradually decomposed from 300-350"^, 
[a] = —65 0° fora 1 per cent solution in 1 n HCl, [all"" — —47 5° for a 

2 per cent solution in 1 per cent HCl 

The solubihties, crystal form, decomposition pomt, and rotations of 
this product agree withm experimental error with the corresponding 
properties of a sample of known djenkolic acid prepared by condensing 
methylene chloride and cyst erne m liquid ammonia 

C7H14O4N S Calculated C 33 06, H 5 55, N 11 02, & 25 21 
254 3 Found “ 33 38, “ 5 58, - 11 10, “ 25 43 

Monohydrochlonde of Djenkolic Acid— The monohydiochloride was 
piepared by dissolvmg djenkolic acid in hot 1 per cent HCl and cooling 
the solution, it crystallized m slender prisms tendmg to form ladiatmg 
clusters After three lecrystalhzations from 1 per cent HCl, the product 
AvUs dried m vacuo over phosphoric anhydride, mp 250-300 (^iMth de- 
composition) ^ 

CTHisOAhS Cl Calculated Cl 12 19, S 22 05 
290 8 Found “ 12 35, “ 22 50 

Dihenzoyldjenkolic Acid — This derivative was prepared accordmg to the 
dll actions of du Vigneaud and Patterson (2), recrystalhzed four tunes 
from 50 pel cent methanol, and dried at 70° in lacuo o\er phosphoric 
anhydride The sample melted to a inilk}^ liquid at 87 5-S9 (capillary ) , 

^ All melting points are corrected micro melting points, unlc^^a otherunse apeciUcd 
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a sample of the dibenzoyl derivative prepared from authentic djenkolic 
acid exhibited the same behavior and admixture of the two samples caused 
no depression m the meltmg pomt 

CjiHziOcNaSj Calculated N 6 06, S 13 86 
462 5 Found 6 12, “ 13 94 


Table I 


Effect of Concentration of Acid upon Yield of Djcnkolic Acid 


HCl 

DjcnLobc acid 

Yield 

N 

m i 

per cent 

0 5 

0 

0 

1 

0 

0 

2 

17 

4 

3 

66 

17 

4 

71 

IS 

5 

166 

i 42 

6 

250 

63 

7 

273 

69 

8 

260 

66 

11 

260 

66 


Table II 


Rate of Fonnatioii of Djcnkolic Acid 


Time 

Djenkohc acid 

Yield 

hrs 

mg 

per cent 

0 17 

Trace 

+ 

0 35 

3 

1 

0 50 

16 

6 

1 5 

50 

18 

2 0 

64 

23 

2 5 

SS 

1 32 

3 

99 

36 

6 

119 

. 43 

24 

186 

67 

48 

182 

66 


Dihydantoin of Djenkokc Acid — This derivative was prepared according 
to the directions of van Veen and Hyman (1) It melted at 201-201 , 
and no depression in meltmg pomt was observed when it was mixed with a 
sample prepared from authentic djenkohc acid 

Effect of Concentration of Acid upon Yield of DjenloUc Acid — ^To solutions 
of 0 5 gm of Z-cysteme hydrochloride m 1 0 cc of HCl of the norm^ty 
specified m Table I was added 0 14 cc of 40 per cent formahn T e 
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solutions were heated to 70° and allowed to cool to room temperature 
and stand overnight They were then neutrahzed by the addition of 
6 N NaOH All samples were made up to the same volume and 
the djenkolic acid was collected, washed, and dried in vacuo 
Rate of Condensation of Foi maldehyde and Cysteine in6 n Acid 2 Moles 
of Cysteine and 1 Mole of Formaldehyde — A solution of 5 0 gm of Z-cysteine 
hydiochloiide m 10 0 cc of 6 n HCl was prepared, 1 4 cc of formahn 
weie added, and the volume w as made up to 15 0 cc with 6 n acid 1 cc 
ahquots weie lemoved at mteivals, neutralized with 6 n NaOH, and the 
piecipitated djenkohe acid vas collected, washed, and dried The results 
are shown m Table II 

1 Mole of Cysteine and 1 Mole of Foi maldehyde — ^To a solution of 1 0 gm 
of Z-cysteme hydrochloiide m 2 cc of 6 n HCl was added 0 56 cc offoimalm 
The solution became hot spontaneously and was then allowed to cool to 
room temperature and stand overmght, whereupon a considerable amount 
of crystallme 4-thiazohdmecarboxyhc acid hydrochloride separated The 
mixture was cooled m an ice bath and the product was collected on a 
smtered glass filter, washed with cold 6 n HCl, and dried in vacuo A 
yield of 0 75 gm (70 per cent of the theoretical amount) was obtained, 
= —78 5° for a 1 per cent solution m 1 n HCl An additional 
amoimt could be ob tamed by concentratmg the mother hquois A small 
amount of the hydrochloride was dissolved m water, the solution was 
made neutral by the addition of 1 N NaOH, and the precipitated 
4-thiazohdmecarboxyhc acid was collected and reciystalhzed from a 
small amount of water The meltmg pomt was 201-205° (mth decomposi- 
tion), no depression was observed m the melting pomt of a mixture of 
this compound vnth an authentic sample of 4-thiazohdmecaiboxyhc acid 
prepared accordmg to the method of Schubert (3) 

The authors ivish to thank Dr Juhan R Rachele and IMiss Josephine 
Tietzman of this laboratory for the microanalyses 

SUMAL\RY 

Djenkohe acid has been prepared by the direct combmation of 1 mole 
of formaldehyde with 2 moles of Z-cysteme m a strongly acid solution 
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THE DEPOSITION AND ANTIOXYGENIC BEHAVIOR OF 
a-, (3-, AND 7-TOCOPHEROLS IN RAT FATS- 


Br W O LUNDBERG, RICHARD H BARNES, t IMARION CLAUSEN, 
NORi\LV L\RSON, and GEORGE O BURR 

{From the Dej)arlment of Physiological Chemistnj and the Hormel Institute, 
University of Minnesota, Minneapolis and Austin) 

(Received for publication, November 9, 1946) 

It has been shoivn previously that tocopherols obtained from the diet are 
the only tiue inhibitois of autoxidation that occur normally in the rendered 
abdominal fats of lats (1) By ehmiuatmg tocopheiols from the diet, it is 
possible to produce lats whose fats, when rendered, aie essentially free of 
primary antioxidants and show a veiy low stabihty A quantitative tech- 
mque based on these observations and on oxygen absoiption measurements 
on the rendeied fats at 100° was devised and used m studying the deposition 
and storage of a-tocopherol m adipose tissues (2) It was shoivn that, as 
storage sites of a-tocopherol, the fat depots have an even gi eater capacity 
than the hver, whose importance m this role has been reported by other 
mvestigators (3, 4) 

There have been appaient differences between the observations of vari- 
ous investigators on the relationships between the tocopheiol contents of 
various tissues and organs, probably as a result of diffeiences in various 
experimentarfactois Because of these diffeiences it appears to be particu- 
larly desirable (a) to obtam data concerning the deposition of tocopherols 
in various tissues ivith the tocopheiols individually and (6) to obtam such 
data at various known intakes of tocopherol 

In the present study, therefore, the same experimental technique de- 
sciibed earher (2) was used to obtain data concermng the relative amounts 
of synthetic a-, /3-, and 7-tocopherol stored in the abdonunal fat tissues 
exclusive of the mesenteiy m the rat under various conditions Data vere 
also obtamed, with an analytical technique based on micro measurements 
of peroxides rather than oxygen absorption measuiements, which quahta- 
tively compare the depositions of synthetic and natural a- and 7-tocopheroIs 
m abdominal, skm, and ham fats 

♦ Aided by grants from the Hormel Research Foundation, the National Dair> 
Council, and the Graduate School of the Unnersitj of Minnesota 

t Present address. Sharp and Dohme, Inc , Philadelphia, Pennsyhania 
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Relative Amounts of Tocoplierols Deposited in Abdominal Fat Tissues — 
Individual solutions of the thiee tocopherols in the ethyl esteis of laid acids 
were made, contaimng 25 and 50 mg of tocopheiol per ml The sl\ solu- 
tions so prepaied v eie fed by stomach tube m single 1 ml doses to vitamin 
E-deficient lats Gioups of two to foui lats weie saciificed at vaiious m- 
teivals theieaftei Column 5 m Table I hsts the induction peiiods of the 
lender ed abdonimal fats ob tamed imder the various e\peiimental conditions 
given in Columns 1 to 4 Column G indicates the equivalent tocopherol 
concentrations as obtained fiom the reference curves m Fig 1, based on 

Tvble I 


Relatiie Amounts of Tocopherols Deposited in Ahdominal Fat Tissues 


Tocopherol 

Dose fed 

Sex 

Time bctwcca 
feeding and 
sacrifice 

Induction 
period of 
rendered fat 

Tocopherol 
per gin fat 


mg 


days 

vtin 

r 

a~ 

50 

r 

s 

3S0 

39 


50 

' M 

s 

330 

33 


50 

Mixed 

15 

300 

30 


25 

F * 

S 

214 

21 


25 

** ! 

15 

24S 

24 


50 

M 

2 

265 

20 


50 

f ( 


303 

23 


50 

tt 

15 

420 

32 

\ 

25 

F 

S 

1S3 

14 


25 

(< 

15 

266 

20 

7- 

50 


2 

SO 

3 5 


50 


S 

13S 

6 5 


50 


10 

SO (?) 

3*5 


50 


15 

150 

7 0 


25 


S 

115 

5 0 


25 

ti 

15 

91 

4 0 

Controls 

0 

(t 


10 

<2 (a) 



M 


10 

<2 
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the assumption that the tocopherols were 100 per cent pure Actually, 
since the curves in Fig 1 ai e appi oximately sti aight lines m the i egions con- 
cerned, and smce at the lower concentrations the amounts of tocopherol de- 
posited are (very roughly) proportional to the amounts fed, the figures given 
m Column 6 are roughly the same as those that would have been obtamed if 
tocopherols of 100 per cent purity had been fed m the amounts indicated m 
Column 2 This statement is, of course, based on the assumption that the 
impurities m the samples of tocopherols were relatively meit biologically 
and as antioxidants, m so far as these results are concerned 
The conversion of the mduction periods m Column 5 to the equivalent 
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tocopherol coaceiitrj.noiis m Column 6 w.-5 shown to be jusoned m cn 
earher paper m this senes on the basis that the tocopherol concenrr^uoris so 
obtamed agreed very well with the v^ues that were ohicined by direct 
chemical analysis with the analyncal method devised by Chipault cV 
( 5 ) 

It was previoosly reported that a max^Tnnm concentr^aon o: c.-toooph- 
erol in the abdominal fat depots occurred approximately 7 to 10 days alter 
feedmg a smgle 50 mg dose (2) Table I suggests that the synthetic 
d'tocopherol whether led m 25 or 50 mg doses required a somewhat longer 
time to reach a ma:^nmum deposition m the abdominal :^rs The data lor 
y-tocopherol on this pomt are mcondusive Of the two doses red m eacn 
case the larger dose led to the deposiuon o: a greater concentration m the 
fats 

TVhen the tocopherols are fed in equal doses the results moicate txu-t 
Y-tocopheroh m spite or its greater annoxidant activity produces a less 
stable fat than either c- or J-tocopheroIs Similar ooser^^nons on the 
relative behaviors of a- and ^/-tocopherols were reported m a pre^ous suiay 
(8) With these stabihnes converted mto tocopherol concentrauGns it is 
found that a- and d-tocopherols are deposited m signihcantly greater 
amounts than 7-tocopheroL 

Deposition of Syrtheiio and Natural a- ard ’‘{-TocopJ'erc^s Ar-dor^^rcl 

Shn, ard Ham Fcisr 

Ejepenmentcl — On the basis of the previous results it was fdt OcSirable 
to compare the beha\nor of s^mthenc and natural tocopherols and to extend 
the studies to fats other than the abdominal lats In these experiments 
lour groups of three vitamin E-dehcient rats were led 25 mg do^es o: syn- 
thetic and natural a- and 7-tocopheroIs by stortL-ch tube The dosages 
were dissolved m 1 ml 01 fresh lard^ and control animals were given 1 ml 
of fresh lard containmg no added tocopherols Alter 10 (L-ys tne mts 
were sacrificed and the abdominal lats removea and rendered 0 1 gm 
portions of each sample were weighted mto a senes o- sm.J.I g^ass ^essels 
10 mm in diameter and S nim deep The vessels were then stored m an 
oven at 63'' From time to time a vessel w^ removed and an ^nalys-s 0. 
the peroxide value of the contents made 

The fat m slnr? and muscle tissue w^ also studied The ^Inn nams 
were stored at 63^ and at mtervals a pomon o: nssue was removed and 
ground with sand m a mortar The lat w^ then extracted wi'h cnlorcr- 
lorm Alter the chloroform solution had been filtered evapon-'cd to dry- 

- The srimnles o’" Dure natural *ooonnenjls '^ere Innol, sudz it.a n" me — . jn 

Products, Inc , and the synthetic tDcopncroh ‘“e^e oo -meu ’■-um Merc^ ana Cjzi- 
onny Inc 
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ness on a watei bath, and weighed, the peroxide value was measured m the 
same mannei as m the abdominal fat ^ 

A miciomethod was applied m detei mining the peroxide values The 
0 1 gm samples of fat weie dissolved in 2 5 ml of 3 2 mixture of acetic 
acid and chloiofoim m a 50 ml Eilenmeyei flask, 0 05 ml of a saturated 
aqueous solution of KI was added, followed after 1 minute by 5 ml of 
distilled watei The samples weie titiated ^\lth 0 01 n sodium thiosulfate, 
with a 5 ml micio buiette giaduated in divisions of 0 01 ml The results 
by this method checked veiy closely with those obtained by the macro- 
method of Wheelei (9), as modified by Lea (10) 

Antioxygemc Activities of Synthetic and Natwal a- and y-Tocopheroh 
upon Direct Addition and after Feeding — Fig 2 gives the peroxide accumula- 
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Pig 2 Peroxide accumulation in samples obtained by adding tocopherols to vita 
min E-fiee fat (2 y per gm ) 


tion cuives fox the vitamin E-free abdominal fats to which direct addition 
of 2 7 per gm of the vaiious samples of tocopherol had been made It 
is notable in Fig 2 that synthetic y-tocopherol stabilized the fat to a 
lesser extent than either the synthetic oi natuial a-tocopherol, unlike the 
earlier lesults of the oxygen absorption measurements The differences 
at this low concentration are approximately the same m magmtude as the 
limits of expeiimental eiioi of the data m Fig 1 at tocopherol concentra- 
tions of 2 7 pel gm Howevei, it is believed that the chffeiences are not 
due entiiely to exqierimental erior, but are partly attributable to the con- 
siderable differences in the two methods of measuiement Othei instances 

3 We are indebted to Dr H C Black for suggestions on the preparation of tissue 
fat samples ^ 
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have been observed in this laboratory and elsewhere, m comparing two 
antioxidants of similai antioxygemc potencies, where the moie potent 
antioxidant by one method of measmement was the less potent by the other 
method Another possible factor that should be pomted out is that the 



Fig 3 Peroxide accumulation in rendered abdominal fats from rats sacrificed 10 
days after feeding a 25 mg dose of tocopherol 



Fig 4 Peroxide accumulation in fat in skin 

synthetic tocopherols used m this case were not the same samples as w ere 
used m the earher studies 

In Figs 3 to 5, the peroxide values of the various samples of fats from am- 
mals that had been fed tocopherols are plotted against time In none of 
these cases was there any sudden and sharp mcrease m the rate of peroxide 
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accumulation durmg the course of the oxidation as there was m the rate of 
oxygen absorption m the eailiei samples tliat contained a- and j3-tocopherols 
Nevertheless, the data concerning the accumulation of peroxides yield 
smooth cuives, which are sufficiently accurate to make seimquantitative 
comparisons possible The mduction peiiods, for purpose of comparison, 
are aibitiarily defined as the length of tune required foi the acciunulation 
of 20 mu of pel oxide per kilo These mduction peiiods may not be com- 
pared mth those pieviously obtamed by oxygen absorption measurements, 
smce the conditions used m the two types of measmements are greatly 
different 

Smce Fig 2 contains data for only one concentration of added tocopherol, 
it is not possible to make any quantitative estimates of the amounts of 
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tocopherol represented in the cmves m Figs 3 to 5 Certain quahtative 
comparisons may be made, however 
In the samples of vitamin E-free fats to vhich the tocopheiols neie added 
directly, and m the samples of abdominal depot fats, the natural tocopherols 
gave slightly longer mduction periods than the coiiespondmg sjuithetic 
tocopherols This could be due to such possible causes as differences m the 
antioxygemc mde\es of the natural and synthetic tocopheiols, differences 
m their efficiency of absoiption and deposition, and difteiences in puiity 
In any case the differences aie not laige, and the results mdicate that 
natural and synthetic tocopherols are much alike m then antiov-ygenic 
activities and m the amounts deposited m the abdommal fats In the case 
of slnn and ham fats the differences bet^^ een synthetic and natural toco- 
pherols are still less marked 
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In all cases in Figs 3 and 5, induction periods of the fats from animals 
that had been fed a-tocopherol were greater than the mduction peiiods 
of those ammals that had been fed 7-tocopherol 7-Tocopherol is appar- 
ently deposited to a consideiably lesser extent than a-tocopherol m ham 
fats as well as m the abdominal fats In skm fats, the different forms of 
tocopherol were much ahke in the magmtude of their stabihzmg effects 
The natuialtocopherolsusedm this study were more than 90 per cent 
pure, the synthetic tocopheiols weie somewhat less pure, but, as before, 
the conclusions diawn regardmg the relative amounts of tocopherol de- 
posited are vahd if one may assume that the impurities m the synthetic 
tocopherols do not exeit any appreciable antioxygemc or prooxygemc 
effects 


DISCUSSION 

It is of inteiest to compaie the fat stabihty data m Column 5 of Table I 
ivith the relative biological potencies of the tocopherols, as repoited bj^' 
various investigatois Karrei et al (11), Mason (12), and Joffe and Hams 
(13) all leport that the biopotency of i3-tocopherol is one-half or less of 
that of a-tocopherol Assuming that the synthetic a- and i3-tocopherols 
weie of the same degiee of purity, the stabihzmg effects of equal doses of 
the two tocopherols on the abdommal fats were roughly equal 8 and 15 
days after feeding It should be pomted out that these amounts of toco- 
pherol are far in excess of the median fertihty doses The comparison is 
therefore based upon the assumption that the same relative stabihz- 
ing effects ^vill be obtained on feedmg much lower doses This assump- 
tion is supported by a comparison of the effects of 25 and 50 mg doses in 
Table I 

The relative biopotency of compared mth a-tocopherol is given var- 
iously as one-third to one-fifth by Kaiier et al (11), as one-fourth by Mason 
(12), and as one-twelfth by Joffe and Harris (13) The 25 mg dose of 
7-tocopherol is not far in excess of the median fertfiity dose Thei e appears 
to be no direct connection between the lelative induction periods and any 
of the above figuies for the lelative biopotencies 

The amounts of the vaiious tocopherols deposited in the fat depots, re- 
corded in Column 6, are roughly piopoitional to the biopotencies, particu- 
larly to those given by Kaiier et al , although the relatue biopotencies ob- 
tained by Joffe and Hairis, who used highly purified natural tocopherols, 
are piobably the more accurate The data for the natural tocopherols, 
in Figs 2 to 5, are not sufficiently quantitative to make possible any esti- 
mates of the actual amounts of tocopherol deposited, but nevertheless 
permit the conclusion that the deposition of the natural tocopherols ap- 
proximately parallels the deposition of the sjmthetic tocopherols It ap- 
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peais likely that there is no simple direct relationship between the bio- 
potencies of the tocopherols and then antioxygenic properties m rendered 
animal fats The data indicate that there may be a relationship between 
the biopotencies and the amounts deposited m fatty tissues 

SUmLVRY 

The amounts of synthetic a-, jS-, and 7 -tocopherols deposited m abdominal 
fats have been compared by means of measurements of the autoxidative 
behavioi of the lendeied fats Even when allowmg for possible differences 
m the degree of puuty of the samples, it was found that synthetic 7 -to- 
copheiol was deposited in much smallei amounts than either the synthetic 
a- 01 jS-tocopheiol, the amounts of the lattei two being moie nearly alike 
As with the a-tocopheiol, the and 7 **tocopheiols appeared not to reach 
their maximum depositions until 7 01 more days after feedmg, and possibly 
not until 15 days m the case of the jS-tocopheiol 

In the oxygen absorption measuiements at 100°, samples of abdominal fat 
containing 7 -tocopheiol showed a more gradual increase in the rate of 
oxygen uptake at the end of the mduction peiiod than did samples con- 
taining a- and jS-tocopheiols This behavioi appears to be an inherent 
property of 7 -tocopheiol, possibly being attiibutable to the development 
of an oxidation product winch is in itselt somewhat antioxygemc 
Further comparisons weie made of the deposition of synthetic and natural 
OL- and 7 -tocopherols m abdominal, slan, and ham fats, based on studies 
of the peroxide accumulation in these fats at 63°, with a miciomethod for 
the deteimmation of pei oxides It was found that a-tocopheiol was de- 

posited to a greater extent than 7 -tocopheiol in all cases, except m the case 
of skm fat The evidence, although not conclusive, indicates that the 
natuial foims of these tocopheiOls weie not greatly different fiom the syn- 
thetic, either m then antioxygemc chaiacteiistics 01 in^the amounts de- 
posited in fatty tissues 

The results mdicate that the biopotencies of tocopherols are not directly 
related to their effects upon the autoxidation chaiacteiistics of the ren- 
dered fats in which they aie deposited by feeding The results suggest 
that a relationship may exist between the biopotencies and the relative 
amounts of tocopherols deposited in vaiious body fats or other tissues 
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STREPTOrvlYCIX B, AX AXTIBIOTICALLY ACTIVE CON- 
STITUENT OF STREPTO]MYCIN CONCENTRATES 


Sm 


We ba\ e isolated from streptoni> cm concentrates tlie crystaUine rein- 
eckate of an antibioticaU> acti\e base, v.hich. m vie^v of its close snmlanty 
to streptomycin, has been designated as streptomyem B 

The apphcation of the chromatographic method in the purification of 
streptomy cm according to Carter ei ai ^ y lelds in addition to active frac- 
tions of high streptomycin content a number of less acti\e, more firmly 
adsorbed fractions, rangmg in potency’^ from 150 to 200 units per mg The 
presence m such tractions of a substance other than streptomyem, capable 
of forming maltol in alkaline medium, nas inferred from the folio vnng 
observations (1) These fractions on treatment with alkah yielded 2 to 3 
tunes the quantity of maltol expected from their biological potency (2) 
The apphcation to such fractions of the Craig counter-current distribution 
technique, as adapted to streptomyem m this laboratory," afforded dis- 
tribution curves which demonstrated clearly that “streptomyem B was 
the major maltol-fonnmg component present 

The isolation of streptomycin B in pure form w as accomplished by frac- 
tional cry stallization of the remeckates obtained from the above chromato- 
graphic fractions This procedure effected the removal of strep tomy^cm 
and other contaminants by^ two or three cry^staUi^ations, while fractional 
cry stalUzation of the hehanthate did not lead to a streptomy^cm-free 
product The remeckate of streptomy cm B cry talhzes m large, thm plates, 
which contam water of cry stalhzatxon (8 10 per cent) Its distributon 
curved IS in good agreement wath the theoretical cun^e for iC - 0 44 The 
anhydrous substance melts at 178—179° (decomposition, correjite ) an 
shoY 3 the following analyi:ical figures C 26 89, 27 21, H 4 24, 4 53, N 20 1, 
S 22 22, Cr 8 70, 9 25 Its activity in broth test against K 'pneumonia^ 
13 about 100 streptomycin umts per mg The hydrochloride of strepto- 


^ Carter, H L , Clark, H K , Jr , Dickima, S R , Loo, Y H , Skell, P S , and 
Strong, W A , / Biol Cham , 160, 337 (1945) 

* Titus, E , and Fned, J , J Biol Chem , 163' 393 (IWi) 

» Donoviok, R , Hamre, D , Ka-v anagh, F , and Rake, G , J Bact , 50, 623 (104o) 


391 




392 


LETTERS TO THE EDITORS 


mycm B was obtained as a white, amorphous powdei by decomposition of 
the reineckate with silvei sulfate and back titration with barium chloiide 
The vacuum-diied substance decomposes at 179-182® (collected) and 
shows the followmg analysis C 35 75, H 6 22, N 10 9, Cl 12 4 It may 
be noted that while the absolute values foi nitiogen and chloime aie appiov- 
imately 20 pei cent lowei than the coiiespondmg values foi stieptomycm 
trihydiochloiide the atomic latio N Cl is close to 7 3 as m stieptomycm 
[<x]^ = —47®, (c, 1 35 m watex) The titiaticn curve of the hydrochloride 
shows the presence of a weakly basic group (pKa', 7 6, equivalent eight, 
780) Its antibiotic activity agamst K 'pneummnae is 190 units pei mg , 
that IS, about one-fourth of the activity oi stieptomycm tiihy^diochloride 
In piehmmaiy measuiements^ it found that fiom 4 to 8 times moie 
stieptomycm B than stieptomycm was lequued to mhibit foui othei test 
organisms 

Streptomycm B is mactivated by caibonyl leagents at room tempeiature 
On catalytic hydrogenation it absoibs appioximately 1 mole of hydiogen 
and forms dihydrostieptomycm B, which is meit to caibonyl leagents and 
fails to form maltol m alkahne solution The hydiogenation does not 
cause any loss of activity Tieatment of streptomycm B and its dihydro 
derivative with dilute acids hbeiates stieptidme (or possibly an isomer 
thereof) isolated as the sulfate monohydiate Analysis calculated for 
CsHisO^Ne H2SO4 HoO, C 25 40, H 5 86, N 22 20, S 8 46, found, C 25 42, 
H 5 73, N 22 14, S 8 33 The presence of the maltol-foimmg moiety, 
strep tose, and of a he\osamme moiety m streptomycm B appears probable 
from the above data 

Divisions of Organic Chernisiry and Pharmacology Josef Fried 

The Squibb Institute for Medical Research Elwood Titus 

New Brunswick 
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THE rsi: of ^couxifh^cuhrent disteibution^^ for 

THE VNA[ASLS OF STEEPTOMYCIN PREPARATIONS 
Sm 

E\aminali()n (j 1 stiopto]n 3 am piepaiations foi homogeneity by the Craig 
tcLlmiqut of countci (in lent distiibution^ indicates the evistence of other 
aitne stiiictni ilh lelited substances 

lo prep uc the two liquid phases lequired for distiibution, p-toluenesuP 
fame Kid w is ni ide up to 5 gni pel 100 cc in ^\atei pi e^ lousl}^ saturated 



0 4 a 12 16 20 24 


TUBE NUMBER 

Fig 1 Distribution curves of, Curve A, a purified preparation of streptomycin, 
C urve B, a crude streptomycin concentrate, Curve C, streptomycin B reineckate 
D indicates the change m optical density at 325 mp of a solution heated for 10 minutes 
at pH 12 

with butanol This solution ^^as shaken ^Mth an equal volume of butanol 
previously satuiated vith vatei The paitition coefficient of streptomycm 
between the lesultmg tv o la} eis lemained at unity for concentrations rang- 
ing from 100 to o\ei 5000 units per cc Tins assures agreement betveen 
the experimental curves for puie pieparations and those calculated from 
theory 

1 Craig, L C , / Btol Chem , 156, 519 (1944) Craig, L C , Golumbic, C , Mighton, 
H , and Titus, E , J Btol Chem , 161, 321 (1945) 
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Streptomycin concentiations ^^ele measuied m the lo^^el layei by the 
spectrophotometric deteimination of the maltoP produced a 10 minute 
heatmg at 100° and pH 12 After each ti\enty-foui plate distiibution with 
8 cc labels, 80 pei cent of the stieptcmycm was displaced to the lowei 
phase by shaLuig the contents of each tube with 4 cc of benzene The 
concentrations m the lowei la^^’ers w^ere then plotted as oidmates agamst 
tube numbeis 

Curve A of Fig 1 illustiates the result with a purified preparation of 
stieptomycm The distribution of a ciudei stieptomycm (Curve B) re- 
vealed fractions occuirmg m Tubes 5 to 9 and 16 to 22 whose positne 
Sakaguchi reactions and maltcl production mdicate then relation tostrep- 
tomycm Of these, the foimei has been isolated, ^ and the distiibution of 
a sample of its remeckate plotted as Cuive C The second substance is 
under mvestigation 

Divtsiona of Pharmacology and Organic Chemistry Elwood Titus 

The Squibb Institute for Medical Research Josef Fried 

New Brunswick 
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TYROSINE OXIDATION BY LIVERS FROM RATS WITH 
A SULFASUXIDINE-INDUCED PTEROYLGLUTAMIC 
ACID DEFICIENCY 


Sirs 

Evidence that tyrosine metabolism is altered in permcious anenua,^ 
and that a pteioylglutamic acid deficiency e\ists m this disease,^ suggested 
an uivestigation to determme whethei pteroylglutamic acid (PGA) per se 
mfluenced the oxidation of tyrosme 

PGA deficiency was produced m lats by placmg them on a purified diet 
contaming sulfasuxidme until leucopenia developed ^ Livers from the 
PGA-deficient rats \\ere compared to hveis from normal anunals as to 
then effect on t^aosme oxidation m the Waiburg apparatus Livers fiom 
thiee to five animals weie pooled and homogenized in a Waring blendor 
for 20 seconds, with m/15 phosphate buffei, pH 7 5, to give a concentration 
of 0 25 gm of wet weight per ml The oxidation of 0 5 mg of Z-tyrosine 
by 2 ml of the suspensions was deteimmed over a 2 hour period A t3^ical 
experiment is sho^vn m Table I Average values of three flasks are given 

Addition of sulfasuxidme to normal hver suspension caused only a negli- 
gible mhibition of oxygen uptake compared with that of the PGA-deficient 
hver 

In other ex^ieriments 10 y of crystalhne PGA were added to flasks con- 
tammg hvei suspensions from PGA-deficient rats and the effect on the 
oxidation of tyiosme was deternuned (Table II) 

Under these conditions all experunents showed decreased oxidation of 
tyrosme by hvers from PGA-deficient rats, and a restoration of oxidation 
on addition of PGA 

Experiments were also earned out with 24 hour-aged suspensions m which 
the level of oxygen uptake was constant For a period of an hour the 
oxygen uptake was determmed, tyiosme was then added and the oxygen 
uptake was measured over a 2 hour period Heie agam, hvers from PGA- 
deficient rats showed a decreased oxidation of tyrosme as compared to 
hvers fiom normal lats m eight of eleven experimental groups In five 
of seven experimental gioups the rate of tyrosme oxidation by hvers from 
PGA-deficient rats was mcreased by the addition of PGA 

^ Swendseid, M E , Burton, I F , and Bethell, F H , Proc Soc Exp Biol and 
Med , 62, 202 ^943) 

* Moore, C V , Bierbaura, 0 , Welch, A D , and Wright, L D , / Lah and 
Chn Med , 30, 1056 (1945) 

3 Daft, F S , and Sebrell, W H , Pub Health Eep , C/ ^ P if ^ , 68, 1942 (1943) 
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Table I 


Contents of flask 

Oj used 

AOj 

Liver suspension from normal rats 

microltters 

189 7 

microltters 

‘‘ “ u << + tyrosine 

279 0 

89 3 

“ PGA deficient rats 

176 2 


H i( It “ it 

+ tyrosine 

203 1 

26 q 


Tvblc II 


Contents of flask 

Ot used 

AOi 


microltters 

microltters 

Liver suspension fi oni PG V deficient rats 

it it a it it 

142 7 


+ tyrosine 

167 5 

24 S 

Liver suspension from PGA deficient rats i 



+ PGA 

136 9 1 


Liver suspension from PGA. deficient rats 



+PGA + tyrosine 

182 8 

45 9 


Fiom these lesults it is indicated 
tyiosme oxidation 
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that pteiojdgliitamic acid influences 
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SYNTHESIS OF HIPPURIC ACID IN LIVER HOMOGENATE* 
Sirs 

The synthesis of hippunc acid from benzoic acid and glycine resembles in 
several lespects the synthesis of a peptide bond A CONH gio p is foimed, 
it is a to a carboxyl gioup, and the free energy of its formation is of the 
same order of magnitude The synthesis was demonstiated in liver and 
kidney slices of a number of animals, it is inhibited by 0 001 m KCN, which 
IS m accord with the view that the necessary free energy is derived fiom an 
oxidation ^ 

It has not been possible with tissue slices to elucidate further the eneigy- 
couplmg leaction The cell walls evidently letaided or blocked entiy mto 
the cells of possible free energy donors Consequently we have sought 
experimental conditions ^^hlch permit the reaction to proceed m tissue 
extracts m which the cells ere disrupted 

We have now obtamed synthesis of hippunc acid fiom benzoic acid and 
glycme m homogenized gumea pig liver suspended m a phosphate-sahne 
solution To obtam moie than traces of synthesis it was necessary to 
homogenize the hver m the presence of the substrate, z e of benzoic acid 
and glycme The yield of hippunc acid was neaily doubled ^\hen adenyhc 
acid and a-ketoglutanc acid weie added Evidently the oxidation of the 
latter substance provided ATP^ which m turn furnished the fiee energy for 
the synthesis This surmise is based on experiments on the methylation 
of guanidoacetic acid by methionme, a leaction which lequires ATP ® 

The leaction mixtuie contamed m 500 ml 10 gm of homogenized gumea 
pig livei, 0 02 M glycme, 0 01 m benzoic acid, 0 001 m adenj^hc acid, and 
0 01 M a-ketoglutaiic acid m a phosphate-salme solution'* The reaction 
was carried out under oxygen at 38° The same results ^^ere obtamed at 
pH 7 0 and 7 5 Hippunc acid was determmed by isolation and identified 
by ciystal form, meltmg pomt, and elementary analysis 

Some chaiacteristic findmgs appear m the table 

Thermodynamic data give the equihbrium constant foi the hydrolysis 
of hippunc acid under our experimental conditions as 211,^ accordmgly the 
amount of hippunc acid to be expected from 0 02 m glycme and 0 01 M 
benzoic acid by mass action alone is 0 026 mg The isolation of 30 mg 

* Gamed out under Contract N6'ORI-102, Task Order No 2, United States 
Navy Department 

^ Borsook, H , and Dubnoff, J W , / Btol Chem , 132, 307 (1940) 

2 Ochoa, S , J Biol Chem , 165, 87 (1944) 

3 These findings will be reported shortly 

* Cohen, P P , and Hayano, M , J Biol Chem , 166, 251 (1946) 
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Hippunc acid isolated 

Liver alone 

Vlg 

0 

** homogenized first and complete reaction mixture 

0-3 

added subsequently 


Liver homogemzed \Mth benzoic acid and glycine 

17 

“ “ glycine, adenylic 

0 

acid, and a-ketoglutaric acid, 0 time 


Liver homogenized iMth benzoic acid, glycine, adenylic 

i 30 

acid, and a-ketoglutaric acid, 4 hrs incubation 



indicates that the s;^mthesis had occuired thiough coupling Avith an energy- 
yielding reaction, presumably ATP Undei oui expeiimental conditions 
the isolation is not quantitative, at least 10 mg aie not lecovered 

Experiments on the methylation of guanidoacetic acid indicated that 
gumea pig liver homogenate piovides some ATP This piobably accounts 
for the yield of 17 mg of hippunc acid ivhen no adenylic acid and a-keto- 
glutaiic acid ^^ele added to the reaction mixtuie 

Wtlliain G Kerckhoff Laboratories of the Biological Sciences Hcxrt Borsook 
California Institute of Technology J a.cob W Dubnoff 

Pasadena 
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INIIIJUTION OF OXIDATION OF SUCCINIC ACID BY 
STRUCTURVLLY RELATED SULFONIC ACIDS 

Sirs 

111 their original woik on the inhibition of the succmoxidase system by 
structuial analogues of succinic acid, Quastel and Wooldndge^ have sug- 
gested that the foimition of an enzyme-inhibitoi complex lequires the 
piesence of a — C — CH — COOH group ‘‘associated possibly ^Mth anothei 
carbo\>l gioup It has been pointed out by Potter and Elvehjem^ that 
the — CH — group is not essential since o\ahc acid also possesses inhibitoiy 
piopeities It has seemed of interest, theiefore, to determine whethei the 
carboxyl groups also can be replaced, eg hy sulfonates, particular^ smce 
these gioups compete m the formation of complexes \Yith serum albumin,^ 
as uell as m certain metabolic leactions in bacterial systems ^ 

Investigations have been earned out, therefore, on the inhibition of the 
succmoxidase system by jS-sulfopiopiomc acid, HO3S — CH2 — CH2 — COOH, 
and by 1 , 2 -ethanedisulfomc acid, HO3S — CHs — CH2 — SO3H The pio- 

cedure uas essentially the same as that of Potter and Elvehjem ^ 
lesults aie summaiized m the table 

Oxygen. Uptake (Microhters per Hour) of Rat Liver Homogenates 

The mam compartments of Warburg flasks contained 0 4 ml of buffered rat 
li\er homogenate, 0 1 ml of m/ 15 phosphate buffer (pH 7 4), varying amounts of 
inhibitor (m the foim of its sodium salt), and sufficient v^ater to make 2 ml The 
side arms contained 0 1 ml of sodium succinate, 0 25 ml of buffer, and 0 65 mi of 
water The center cups contained 0 2 ml of 20 per cent KOH The final concen- 
tration of the succinate was 0 02 m 


Inhibitor ! 

None 

1 

0 0033 It i 

0 0067 M 1 

0 0133 U i 

0 020 u 

1,2-Ethanedisulfomc acid 

204 

150 

140 1 

95 

73 

^ Sulfopropiomc acid j 

127 j 

106 j 

93 1 

' 62 1 

\ 40 


From the lesults obtained it is evident that these sulfonic acids produce 
pronounced inhibitions of the succmoxidase system In fact, the inhibitoi}^ 
activity IS almost as great as that of malomc acid Apparently the sul- 
fonate ion IS capable of foiming an enzyme complex of almost the same 

1 Quastel, J H , and Wooldridge, W R , Biochem / , 22, 689 (1928) 

Potter, V R , and Elveh]em, C A , / Biol Chem , 117, 341 (1937) 

’ Klotz, I IVI , J Am Chem Soc , 68, 2299 (1946) 

^McElvain, H , Bnt J Exp Path , 21, 136 (1940), 22, 148 (1941) 

^ Potter, y R , and Elvehjem, C A , J Biol Chem , 114, 495 (1936) 
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strength as that vnth malonate Approximately equal affimties have been 
obseived also in binding by serum albumin ^ 

Quantitative kinetic measuiements are in progiess to determine whether 
the inhibition is tiuly of the competitive type 

The authois wish to express their appreciation to Piofessoi M S 
Khaiasch of the Umveisity of Chicago and to Professoi S M McElvam 
of the Umveisity of Wisconsin foi furmslnng the /S-sulfopiopiomc acid 
and 1 ,2-ethanedisulfonic acid, respectively 
This investigation was aided m part by a grant from the Office of 
Naval Research 
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STREPTOMYCIN THE LIN10\.GE BETWEEN 
STREPTIDINE \ND STREPTOBIOS\MlNE 


<b'n6 

Recent im cstigationa conducted m bevei d diffeient laboiutoiies ha\e 
bliown that btrcptomycin ib composed of a base, stieptidine, linked gly- 
cosidicallj to a mtiogen-containmg disacchande, stieptobiosanime 
Stieptidine Ins been shown to be one of the eight meso forms of 1,3- 
diginnido-2, 4, 5, b-tetiahydio\y cyclohexane Streptobiosamine is com- 
posed of N-methyl-L-glucosamine and streptose In the stieptomjmin 
molecule stieptidine is linked to the 1st caibon atom of stieptose but the 
point of attachment of streptobiosamine to stieptidine (2, 4 (6), oi 5) 
remains to be elucidated 

OH(R) 

I 

NH CH NH 

II H /* \ II 

NHj— C— N— CHI j CH— NH— C— NH2 

HO— CH« < CH— OH(R) 

\ 6 / 

CH 

I 

OH(R) 

Results obtained in a study of the peiiodate oxidation of stieptidine 
and of streptomycin have furmshed infoimation on this point Streptidme 
consumed 2 moles of periodate Dunng the course of the leaction the 
positive Sakaguchi test (due to the guamdme groups in stieptidine) dis- 
appeared and a positive Pauly test appeared The lattei piesumablyis 
due to an imidazole deiivative foimed by ring closuie of the guamdo- 
glutaraldehyde resulting from peiiodate oxidation of stieptidine (1-guanido- 
2,3-dihydroxypiopane behaved similaily) In maiked contrast to these 
results, stieptomycm solutions aftei treatment with an excess of peiiodate 
at pH 5 to 6 foi 72 hours gave a positive Sakaguchi test and a negative 
Pauly test 

From the stieptomycm-periodate oxidation mixtuie was isolated a 
degradation product (I) vhich decomposes at 265®, has a lotation of +74®, 
and IS extiemely labile towaid acids Acid treatment of I yields 
stieptidine, glyoxal, and an umdentified acid 

It is apparent, therefoie, that stieptobiosamine is attached to stieptidine 
in such a position as to inteifeie with oxidation of the stieptidine ung bj 
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periodate Linlcage at position 5 satisfies this condition, since it eliminates 
the 1,2-glycol grouping needed foi peiiodate action Position 2 can be 
eliminated as a possibility Position 4 cannot be entiiely disiegardecl 
since in one instance (1,2,3,4-tetiaacetyhnositol) a 1,2-glycol is repoited 
to be lesistant to peiiodate OMdation ^ 

This woik IS being continued, but the data aheady available strong!}" 
mdicate that in the stieptomycm molecule stieptobiosamme is attached to 
streptidme at carbon 5 

Division of Biochemist) y 
Noyes Laboratory of Chemistry 
University of Illinois 
Urhana 
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THE ENZYMIC SYNTHESIS OF GLUTAMINE* 


mvcst.6at,on ot tl.= .myrra. syntos oj Slu— “ "tom tS 
as a stop to«aicl the study ot t ie couplmg o! 

lesultb of Krebs and co''Oibeis, energy derived from adenosme 

glutamate and ammonia is achieved Ss view 
tnphospli ite, and the Present ® and ammonia by isotomc 

Glutamine is formed rapid y i ^ The greatest activity 

Waring blendor dispersions of fresh pigeon liver 

Glulamtnc Synthesis in Pigeon Liver Extraets 
The enzyme .as Prepared by eUracting a'^^t 

0 03 M XaHCOj, 0 003 m MgSOi, . hosphate, 0 01 m cysteine, and 0 15 m o e 

NHgOH HCl, 0 0045 m ee^t CO. 95 per cent XL, te“P®f f 

tract, m a volume of 1 0 ml f/'^v ressed in terms of a standard prepared 

time 10 minutes Hydrovamic acid is evpresse 

from succinic anhydride — — — 


With 0 01 it NHiCl 




Inorganic 

Amide formed 1 

micromoles 

phosphate 

formed 

micromoles 


With 0 3 u 
NHiOH 

Hydroxamic 
aad formed 

mtcromolcs 

1 41 
0 14 
0 11 


Complete 

Without adenosine triphosphate 
** glutamate 
» NHiCl 
MgS04 
“ cysteine 
With 0 001 M NaF 


. in addition to the two substrates, 

was found in systems which ’ diphosphopyndine nucleotide, 

oxygen m the gas phase, ^ ^ggsiuni, and magnesium i o ac- 

oxalacetate or citrate, was observed 

celeration by adenosme triphosp a Growth of the 

* This work .as supported by a Pr -Wallace C and Clara A Abbott 

American Cancer Society, and m par ^ Tvr TCrebs 

Memorial Fund of the U^wersi y ngSS) Orstrom, A , Ors rom, , 

1 Krebs, H A , Biocheni J, 23. ^ ^ gg ( 1939 ) 

H A, and Eggleston, L V.Bmc/iem J 
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LETTERS TO THE EDITORS 


A clearei pictuie of the synthesis of glutamine \\as obtamed by using 
e\tiacts of acetone-diied pigeon hvei as the source of the enzyme S 3 ’’steixi 
Glutamine is foimed when glutamate, ammoma, adenosine triphosphate, 
and magnesium ions are added to such an extract The reaction is more 
lapid undei mtiogen than m an and is acceleiated hy the addition of 
C 3 ^steine Liberation of inorganic phosphate fiom adenosme tiiphosphate 
occui s at a rate pai allehng the rate of glutamine synthesis Both glutamine 
foimation and liberation of inorganic phosphate aie inhibited by fluonde 
m lo^^ concentiations Hydroxj lamine at levels of 0 01 to 0 3 m may be 
substituted foi ammonia, and the product of the leaction can be determmed 
as h^droxamic acid by the method of Lipmann and Tuttle ' Data from 
a topical expel iment aie given in the accompan^mg table 
These results suggest that a leaction occui s betv een glutamate, ammonia 
(or hydiox^damine), and adenosine tnphosphate, to foim the amide, 
inoiganic phosphate, and adenosme diphosphate oi monophosphate 
The enzyme system appears also to include iMg"^ as a cofactor and to 
involve pioteins leqmimg sulfhj^diyl gioups foi full activitv The sj^stem 
for glutamine s} nthesis is quite similai to those involved in the acetylation 
of choline^ and of sulfanilanude ^ 

Department of Biochemistry John F Specks 

Unixersily of Chicago 
Chicago 

Received for publication, March 17, 1947 
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ENDOCRINE REGULATION OP AMINO ACID LEVELS 
IN BLOOD AND TISSUES 


B\ FELIX FEIEDBERG and DAVID M GREENBERG 

(Prom the Division of Biochemislry, Umversilij of California 
Medical School, Berkeley) 

(Received for publication, December 23, 1946) 

Evidence has accumulated which indicates that hormones play an 
important role m protein metabolism For example, accoidmg to the 
current concept giowth hoimone stimulates protein anabolism (1) and 
adrenal cortical extract increases glucose neogenesis at the expense of 
protem (2) Various investigatoi’s have tried to relate changes m the 
free ammo acid of the blood to the endocrine regulation of protem metab- 
olism The reports of previous workers have not been m complete 
agreement, probably because of differences m analytical methods employed, 
variations in endoerme extract, dosage, the route of administration, and 
time relationships 

Accordmg to the majoiity of papers, msuhn causes a loivermg of the 
ammo acid level (3-5), and Greene’s claim (6) that msulm had no effect 
has not been supported Okada (7) reported that epmephrme does not 
change the ammo acid concentration of rabbit blood Luck and coworkers, 
however, state that epmephrme alone is as effective as msulm in produemg 
hypoammoacidemia (8, 9L wlnle still another group of investigators found 
an mcrease (10) A drop in the plasma ammo acid level w^as shown to occur 
with hypophysectomy and with thyroidectomy (11), but Okada (7),» 
who could not obtam any change when epmephrme was given, also claims 
that neither the removal of tlie thyroid gland nor hyperthyroidism influ- 
ences the ammo mtrogen content of blood Investigations of the action 
of thiouracil treatment, adrenalectomy, estrogen administration, and pro- 
longed adrenocortical steioid injections have been neglected 

The present project was started to clarify eaihei work on the influence 
of endoermes on ammo acid metabolism and was extended to include not 
only plasma, but also liver, kidney, and skeletal muscle The gasometric 
mnhydrm reaction (12) was chosen m preference to the colorimetric 
procedure (13), the gasometric mtrous acid method (14), and the formal- 
dehyde titration (15) because of its specificity fob free ammo acids 

EXPEHUIENTAL 

The animals were anesthetized with nembutal Blood was drawn from 
the heart, hepaim bemg used as anticoagulant 2 ml of plasma were 

405 



406 


ENDOCRESfE EFFECT ON AMINO ACIDS 


treated with 10 ml of 1 per cent picnc acid and analyzed for ammo acids 
by the nmhydrm-caibon dioxide method of Hamilton and Van Slyke (12) 
About 1 gm of tissue, previously frozen m dry ice and acetone, was ground 
with powdeied glass and then e\ti acted with tw^o 10 ml portions of 1 per 
cent picric acid After centiifugation and filtration, 5 ml of the filtrate 
were anatyzed m the same manner as the plasma filtrates If necessary, 
the tissue can be stored after lyophilization to a dry powder The powder 
is extracted m a Waimg blendor and the analysis is the same as for frozen 
tissue, howevei, the iveight of the water removed must be recorded 
Hypothyroidism — This condition w^as caused by adding 0 2 per cent 
thiomacil (deracil, Lederle Laboratories, Inc ) to the diet for 6 weeks 
At saciifice the rats were exammed foi enlargement of the thyroid 
Thyj oidcctomy — A peiiod of 6 weeks elapsed after the operation 
Hypei thyi oidism — This condition was pioduced by feedmg 1 per cent 
thyioid powdei (Armour Laboratones) in the diet foi 3 w^eeks Onl} 
animals that lost weight durmg the treatment weie used 
Adrenalectomy — During the postoperative peiiod, 1 per cent sodium 
chloride was admmisteied m oidei to sustam life and prevent hemocoH'' 
centration 10 days aftei the opeiation the food was removed, the salt 
water w^as leplaced by oidmaiy water, and, as soon Ob adrenal crisis set 
m (musculai weakness, etc ), the animal was sacrificed 
Lipo-Adi enal Coitex Extract — Thiee mjections of 2 ml of hpo-adrenal 
cortex^ (80 rat units) at 2 day mteiwals were admimsteied subcutaneously 
Epinephrine — 1 5 mg pei kilo of body weight were given subcutaneously 
to rats fasted 12 houis The animals were saciificed aftei 1 hour 
Insulin — ^20 units pei kilo of body weight were mjected subcutaneously 
into lats fasted 12 horns The animals were saciificed aftei 3 hours 
Hormone Tieatment — Esbogen^ 500 lat umts (progynon-B),- was admin- 
istered subcutaneously each 3 days foi 4 weeks 
Hypophysectomy — The animals were hypophysectomized w^hen 40 days 
old and sacrificed 18 days later Only animals that show^ed a definite loss 
m w’^eight weie used 

Non-Pi otein Diet — The diet consisted of 54 7 pei cent suciose, 25 per 
cent starch, 15 pei cent Cusco, 5 3 pei cent salts, and vitamins The 
lats on this legimen weie fed for 8 weeks, when they had lost about one- 
third of then eight 

In all experiments, normal male lats w^eighmg between 100 and 200 gm 
weie used They were fasted 12 hours before saciifice 
The data obtamed aie given m Table I 

1 Generously donated by The Upjohn Company through the kindness of Ur 

D J Ingle , 

* Generously donated by the Sobering Corporation through the kindne 

Dr ly H Stoner, Medical Director 
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DISCUSSION 

ilnalysis of ammo acid levels is made possible by the constancy of the 
normal coucentiation m blood and tissues Each tissue has its own char- 
acteristic value, which is about 3 to 9 times that of blood It is not known 
how the amino acids are concentiated by the tissues Our values fox 
rat liver aie shghtly lower and the values for skeletal muscle are less than 

Table I 

Free Ayntno Acid Levels in Blood and Tissues 
o , Ammo mtrogen^ -- 

Treatment ^ ^ ^ ^ 

rUsma Diver Kidney Skeletal muscle 

mg per WO ml vig per WO gm mg per WO gm mg per WO gm 

N'ormal (7) 6 4 i: 0 1 I (7) 32 1 db 1 7 (7) 44 0 ± 1 7 (7) 19 2 ± 1 4 

Thiouracil (5) 5 2 ± 0 2 (5) 32 3 db 1 5 (5) 42 6 ± 1 0 (5) 20 4 ± 0 9 

<0’ 01* >0 05 >0 05 >0 05 

Thyroid- (7) 6 0 ± 0 3 (7) 33 0 ± 1 6 (7) 40 2 ± 0 9 (7) 20 1 ± 1 3 

ectomy <0 01 >0 05 <0 05 >0 05 

ThyroMne (4) 9 0 ± 0 6 (4) 44 0 ± 3 6 (4) 42 3 ± 2 1 (4) 28 1 ± 3 3 

<0 01 <0 01 >0 05 <0 01 

Adrenalec- (6) 6 2 ± 0 2 (5) 31 0 ± 2 2 (5) 41 6 ± 2 8 (5) 27 0 ± 1 S 

tomy <0 01 >0 05 >0 05 <0 01 

Adrenal (5) 7 9 ± 0 6 (5) 41 5 ± 1 7 (5) 45 7 ± 3 6 (5) 24 4 ± 1 0 

corte\ <0 01 <0 01 >0 05 <0 02 

Epmeph- (4) 4 5 ± 0 4 (4) 35 7 ± 1 4 (4) 33 1 ± 3 3 (4) 20 7 ± 1 7 

nne <0 01 >0 05 <0 01 >0 05 

Inaulin (5) 4 8 ± 0 6 (5) 28 0 ± 1 3 (5) 34 5 ± 1 5 (5) 18 5 ± 1 5 

^ <0 01 >0 05 <0 01 >0 05 

Estrogen (6) 5 2 ± 0 4 (6) 31 4 ± 1 3 (6) 39 0 ± 1 2 (6) 22 5 ± 1 7 

<0 02 >0 05 <0 02 >0 05 

Hypophy- (6) 5 7 ± 0 2 (8) 29 2 ± 1 8 (6) 31 9 ± 1 7 (6) 20 7 ± 1 5 

sectomy <0 01 >0 05 <0 01 >0 05 

Non-pro- (4) 10 8 ± 0 6 (4) 53 4 ± 2 6 (4) 49 4 ± 3 1 (4) 22 1 ± 2 5 

teindiet <0 01 <0 01 >0 05 >0 05 

The figures in parentheses represent the number of ammals 
The values represent the arithmetic mean plus or minus the standard error of 
the mean 

* Probability (if P values are 0 05 and less the result is significant) , Fisher (16) 

half of those given by Luck (17) The ammo acid levels obtamed on dogs 
by Hamilton (18), using the ninhydnn leaction, show great variations 
Hence, they cannot readily be compared, but they aie lowei than those 
found by Van Slyke (19) with the mtrous acid method The highest 
ammo acid concentiations weie observed by us m the kidney and the 
lowest m the skeletal muscle (Tables I and II) The most constant 
concentration was found m blood plasmas 
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Every hormone so fai tested affects the ammo acids of blood and tissues 
The metabolism of caibohydrate, protem, and fat is mterrelated The 
action of hoimones on the ammo acids is probably mdirect and due to 
piimary changes of othei metabohtes In addition there may be tropic 
effects between diffeient endocrmes Insulin, epmephrme, estrogen, hypo- 
physectomy, thiouracil tieatment, and thyioidectomy, decrease the blood 
ammo acid concentration, thyioxine, hpo-adrenal coitev extract, and also 
pi otem stai vation mci ease it In the kidney, msubn, epmephrme, estrogen, 
and hypoph^^’sectomy pi oduce a significant fall Thyroxme, hpo-adi enal cor- 
tex exti act, and pi otem staiwation elevate the liver ammo acid level Thy- 
loxme and hpo-adienal coitex extract also brmg about an mcrease of the 
flee ammo acids m muscle Adrenalectomy lesults m hypoammoacidemia 
but simultaneously causes a use m the free ammo acid level of muscle 


Table II 

Free Ammo Acid Levels for Few Normal Tissues 


Tissue 

Ammo nitrosen per 100 gm 


mg 

Brain 

(4) 43 1 rt 1 8 

Testis 

(2) 26 7 Ih 0 9 

Spleen 

(2) 36 0 ± 2 7 

Thoracic lymph 

6 7* 


The figures in parentheses represent the number of ammals 
The values represent the arithmetic mean plus or minus the standard error of 
the mean 

* Ammo nitrogen per 100 ml of lymph obtained by pooling 

It is known that muscular wasting 00001*8 m adienal msuflSciency which 
may be overcome by epmephiine injections (20) 

The changes m ammo acids are most definite m the blood and are less 
maiked m the tissues A lowered level ill show up more readily m kidney 
than m liver, while an mci eased level can be detected better m liver than 
m kidney 

Intel pretation of the ammo acid changes should be delayed until more 
direct evidence on their metabohsm is at hand A decreased ammo acid 
level could mean (1) decreased proteolysis of tissue proteins, (2) mcreased 
utilization of ammo acids foi pi otem synthesis, glycogenesis, hpogenesis, and 
energy production, or (3) mcreased elimmation 

In animals on a non-piotem diet, the plasma ammo acid level is approxi- 
mately doubled, the hvei level is raised considerably, while the muscle and 
kidney values mci ease only slightly This is m contrast to the findmgs 
of Goettsch et al (21) who state *Tt was rather a surprise to find that the 
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value of plasma ammo acid durmg fastmg was mamtamed at a nonnal 
level m spite of the severe degiee of muscle wastmg which occurred as 
hypoproteinemia piogressed ” Endoerme disturbances often result m 
weight changes, which m turn might affect the ammo acid levels 

suanviARY 

Insulm, epmephrme, estrogen, hypophysectomy, thiouracil treatment, 
and thyroidectomy decrease the blood ammo acid concentration, th3a'oxme, 
hpo-adrenal cortex extract, and also protem starvation mcrease it 
Adrenalectomy results m hypoammoacidemia but simultaneously causes 
a rise m the free ammo acid level of muscle 

In the kidney, msulm, epmephrme, estrogen, and hypophysectomy 
produce a significant fall Thyroxme, hpo-adrenal cortex extract, and 
protem starvation elevate the hver ammo acid level Thyroxme and hpo- 
adrenal cortex extract also brmg about an mcrease of the free ammo acids 
m muscle 

The ammo acid concentration is highest m kidney and bram and decreases 
m other tissues m the foUowmg order, spleen, hver, testis, muscle 
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PARTITION OF INTRAVENOUSLY ADMINISTERED AMINO 
ACIDS IN BLOOD AND TISSUES 

By FELIX FRIEDBERG and DAVID M GREENBERG 

{From the Division of Btochemistry ^ University of California 
Medical School, Berkeley) 

(Received for publication, February 5, 1947) 

The increasing use of protein hydiolysates m clinical medicine has 
aroused renewed interest m the utilization and fate of parenterally admm- 
isteied ammo acids and ammo acid mixtures m the body The levels of 
the ammo acids of the tissues are from 3 to 9 times greater than m the 
blood plasma How the tissues mamtain their concentration differential 
IS not imderstood The concentrations of the ammo acids of the blood 
plasma and tissues are extremely constant noimally and are but httle 
affected by physiological changes or most pathological conditions 

The present mvestigation was imdei taken to determme whether all 
ammo acids are concentrated to the same degree m representative tissues 
of the body when mtroduced into the animal m relatively large amounts 
by mtravenous injection 

The tests were earned out with solutions contammg eqmvalent amounts 
of ammo mtrogen of a protem hydrolysate (parenaimne, Stearns), and the 
ammo acids glycme, Z-alanme, i-glutamic acid, Z-histidme, and Z-lysme 

EXPBBtMENTAL 

The chemical methods foi most of the ammo acids aie not of sufficient 
specificity, accuracy, or simphcity to be employed m folloimg changes m 
the concentrations of these substances m blood plasma and tissues The 
gasometric nmhydrm reaction (1) is an analytical method for determimng 
all ammo acids, but changes m the level of an mdividual ammo acid may 
be assayed by this reaction if a large dose is mjected and the subsequent 
rise m ammo mtrogen is significant enough to be attributed to the ammo 
acid m question This piocedure was employed m our work The 
determmations were carried out on plasma and tissues as described m 
another pubhcation (2) 

For admimstration, the ammo acids were dissolved m 10 ml of 0 9 
per cent sodium chloride and the solution was adjusted to pH 7 4 with 
sodium bicarbonate Doses of 0 16 gm of ammo mtrogen per kilo of 
body weight were mjected by way of the jugular vem Male rats v eighmg 
between 100 and 200 gm , which had been fasted for 12 hours, were used 
The animals were sacrificed 15 mmutes after the mjection, blood plasma 
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and the desired tissues w ere collected and picric acid filtrates prepared for 
anal 3 'sis of the ammo acids (2) The analytical data obtamed are recorded 
in Table I 


Table I 


Free Amino Acid Levels in Plasma and Tissues 15 Minutes ajUr Intravenous 
Administration of Ammo Acids* 


Substance 

adimnu»tered 

Plasma 
amino N 

Per cent 
admmis 
tered ammo 
N removed 

1 from 

plasmat 

Liver 

Normal 

me per JOO ml 

6 4 ± 0 1 


ms 

32 1 d= 1 

values 

Protein 

29 4 ± 1 -4 


61 7 =h 4 

hydroly- 

sate| 

Ghcine 

29 7 ^ 2 S 

87 ± 1 6 

74 4 ± 8 

Z-Glutamate 

43 6 ± 6 2 


39 6 =fc 3 

(mono- 

sodium) 

Z-Histidine 

26 6 ± 3 5 

89 ± 1 9 

50 7 db 4 

(monohi - 

drochlo- 

nde) 

f-L>sine (di 

28 5 ± 3 0 

SS rh 1 4 

62 4 ± 2 

hydrochlo- 

ride) 

i-Alanine 

25 I i£: 2 2 


76 6 ± 4 


Ammo N per 100 gm fresh weight 


Kidney 

Skeletal 

muscle 

Bram 

mi 

•U 6 ± 1 7 

ms 

19 2 ± 1 4 

43 1 ± 1 S 

81 1 ± 3 7 

34 1 ± 4 5 

43 9 ± 1 0 

76 8 ± 2 6 

35 2 dc 3 5 

42 4 ± 1 6 

94 3 ± 2 9 

28 S ± 0 7 

42 i ± 1 5 

70 2 ± 2 5 

29 1 i 2 9 

43 2 ± 3 1 

100 6 ± 6 5 

32 7 db 2 9 

43 0 ± 1 3 

62 2 ± 4 1 

30 7 ± 0 9 

41 9 ± 1 2 


* The data represent the anthmetic mean pins or minus the standard error of 
the mean of groups of four animals in each series e\cept for the normal values, \^hich 
are for se\en animals 

t Calculated on the assumption that the blood is 8 o per cent of the body weight 
and that the normal plasma amino acid level is 6 0 mg of ammo nitrogen per 100 ml 
JGenerously donated by Frederick Steams and Company through the kindness of 
Dr M Sah>un 


DISCUSSION 

The amino ac ds \\ ere found to be removed from the b ood plasma to the 
extent of 80 to 90 per cent with n 15 minutes after mtravenous adminis- 
tration The ammo acid most slowly cleared was Z-glutamic acid Laver 
and kidney were observed to be most active m concentratmg the injected 
ammo acids, skeletal muscle less so, and bram showed no mcrease what- 
soever This behavior of bram is mterestmg because, m spite of this 
apparent barrier to the uptake of ammo acids, the normal value of (vee 
ammo acids m bram tissue is 7 tunes as great as that m blood plasma 
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Wlixle there was an increase m the ammo acid content of all of the 
representative tissues tested except bram, the pattern of concentration 
was not the same foi all the ammo acids exammed 15 minutes after 
injection high ammo acid values were found in kidney and skeletal muscle 
with i-lysme Ulistidme gave only medium liver and medium (or low) 
kidney concentrations Glycine accumulated m skeletal muscle as was 
previously reported by Luck (3) i-Alanme behaved much as did glycme, 
but it did not exhibit the affinity of that ammo acid for skeletal muscle 
Z-Glutamic acid was poorly concentrated m the liver but markedly m the 
kidney The protem hydrolysate, as would be expected from its composite 
nature, was taken up well by all of the tissues except bram 
The findmgs on glutamic acid and glycme may be correlated with the 
observation of Madden ei al (4) that glutamic acid is poorly and glycme 
well tolerated when given mtravenously They also harmonize well with 
the special physiological relationships of glycme to creatine m muscle and 
glutamic acid to glutamme m the kidney (5) 

The vanations m the ammo acid uptake of the tissues and the mechamsm 
of their concentration must remain unexplained at this time but the obser- 
vations offer a challenge to further research It would be of mterest to 
repeat the experiments with analytical methods specific for the mdividuai 
ammo acids, by microbiological assay 

SUMMARY 

Intravenously admmistered ammo acids are rapidly removed from the 
blood plasma They are highly concentrated by liver and kidney, less so 
by skeletal muscle, and not at all by bram The pattern of concentration 
IS not the same for all of the ammo acids examined 
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A STATISTICAL EVALUATION OF THE THIAMINE AND 
PYR VMIN* EXCRETIONS OF NORAIAL YOUNG MEN 
ON CONTROLLED INTAICES OF THIAMINEf 

By OLAF MICKELSEN. W 0 CASTER, a.nd ANGEL KEYS 
{Fxom the Lahoraiorxj of Physiological HygienCf University of Mtnnesotay Minneapolis) 
(Received for publication, December 31, 1946) 

The uunaiy excretion of thiamine has been used foi some time as an 
empirical mdication of thiamine nutrition The tacit assumption is made 
that when the dietary mtake of the vitamm is at oi below the human 
‘hequuement’’ the urmary excretion falls belou a certain value, but as 
long as the dietary mtake exceeds the requirement the urinary excietion 
lemains above this cntical level (10) 

This assumption was originally made without a clear understandmg of the 
range of the vaiiation m excretion values undei conti oiled dietaiy condi- 
tions In most cases the controlled studies weie made ovex very shoit 
periods, so it is likely that many of the subjects had not attamed equihbnum 
in their urmary excietion of thiamine Furthermore, m many cases, the 
methods used for the determmation of thiamme m the urme are open to 
some question (12) 

Very fen leports have utihzed statistical methods, even wheie the data 
were sufficient to wairant such use A notable example of this is the senes 
of papeis by the group at the Mayo Chmc (9, 18) Although they collected 
urme samples fiom subjects who were mamtamed on constant thiamme 
mtakes for periods as long as 7 months, only a single average value for the 
urmary thiamme is given for each peiiod Elsom, Remhold, Nicholson, 
and Chomock (4) have given the standard deviations for the urmary 
thiamme excretions of nme women who consumed a constant amount of 
thiamme for mde&mte periods They and Wertz and Mitchell (17) are 
the only mvestigators who seem to have given this problem any consideia- 

* The pyrmudine-hke component of the thiamine molecule which is excreted in 
the urine 

t This work was supported in part under the terms of a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Regents of the University Important financial assistance 
was also provided by the Sugar Research Foundation, Inc , New York, and the 
National Dairy Council, operating on behalf of the American Dairy Association, 
Chicago Merck and Company, Inc , Rahway, Kew^ Jersey, and the \bbott Labo- 
oratories. North Chicago, Illinois, provided a generous supply of vitamins Most 
of the food materials were supplied by the Subsistence Research and Development 
Laboratory, Office of the Quartermaster General, Umted States Arm>, and the 
J R Simplot Dehydrating Company, Caldwell, Idaho 
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tion, but their data are so scanty that a true pictuie of the vanation in 
urinary thiamine e\cietion is not possible Their results, however, do 
brmg out the gieat vanation in the uimary excretion of thiamine by ‘‘nor- 
mal'^ adults 

The present papei piesents a statistical evaluation both of thiamine and 
of pyramm excietions by noimal young men of compaiable body size who 
were hvmg imdei the same conditions of diet and activity These experi- 
ments have been carried on m this Laboiatoiy from 1943 to date They 
have mvolved the prolonged maintenance of the subjects on controlled 
thiamme mtakes from zero up to 16 mg per day A sun ey of the general 
results of one of these experiments has already been published (8) 

EXPEUnm^T^VL 

In one experiment, groups of two, four, and foui men were given 1 81, 

1 01, and 0 61 mg of thiamme pei day, respectively, foi a period of 24 r\eeks 
In another expenment, two groups of six subjects each received 1 00 and 

2 00 mg of thiamme, respectively, per day for a period of 34 weeks, after a 
control period of a month on the lo^ ei level of thiamme mtake Following 
this expenment the mtake levels of the t^^o groups were reversed A 
penod of 1 month on a partially controlled diet intervened between the tivo 
parts of the latter expenment In each of these experiments, all men 
received the same basic diet All meals tliroughout the experiment were 
served as weighed portions from the diet kitchen The differences in the 
thiamme mtake were adjusted by means of thiamme pills and placebos 
The thiamme content of the diet averaged close to 0 5 mg per day The 
day to day variation of the dietary mtake of thiamme from the given mean 
values was of the order, a = ±0 06 to 0 08 mg pei day This was deter- 
mmed by actual analyses of the diets served Fmally, the excretion values 
at higher levels of mtake, te 5, 11, and 16 mg of thiamme per day, were 
obtamed from other subjects on somewhat less strictly controlled thiamme 
intakes 


Analytical Methods 

In all of these expenment s, except those in which 5, ^^d 16 mg of 

thiamme were used, diet samples weie collected daily An exact duphcate 
of all the food served to the subjects was saved for analysis This was 
analyzed for tluamme by the method of Hennessy and Cerecedo (6) 

All of the values reported in this papei for uimaiy thiamme excretion 
represent 24 hour samples which were collected m bottles containing 5 ml 
of toluene and 5 ml of glacial acetic acid as pieservatives Thiamme was 
determined m these samples by our modification of the thiochrome pro- 
cedure (12) 
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The pyiamm content of the urmc \\as determined by a modification of 
the yeast fei mentation method of Schultz, Atkin, and Frey (15) Accord- 
mg to the original description of the method, the pyramm value is repre- 
sented by the sulfite blank The standaid used m these determinations 
Avas 2-methyl- i-ammo-5'ethoxymethylpyrimidine hydrochloride 


Statistics 

Many of the statistical methods used m the analysis of our results are 
not available to most biochemists oi physiologists To claiify our methods 
and to avoid confusion as to the definition of teims, -we mclude a bnef sum- 
mary of the statistical items used in tins report For a more complete 
discussion and for the mathematical denvation of the formulas, see 
Snedecor (16) 

The variabihty of the thianune and pyramm excretion data has been 
submitted to the analysis of variance (16) In the discussion of variability, 
the variances <r^d, cr^t, and (r^a are related to the mean squares, 

Fv Fd, Fwd, and F^,, as indicated m the following equations 


( 1 ) 

( 2 ) 

( 3 ) 

(4) 

(5) 


Fu* « frZi = <rJd + Cd « 
Fud =*= O' Ira ^ o'ja 4“ 

Ft ^ O'ld "t* 

Fa ~ <r^a 4* 

F.a - o-Jd 




nl n 

« ^ 2 /^ - ^Pyn 
nk ^ k 


^ ^ Ml 

n — 1 

,2 ^ 2;Z>Vn - T^/nl 
I ^ I 

Xy^ - XDyn - XP/l 4 - T^nl 


til — - ^ 71 4* t 


where, m a given table of data showing the excretion values, y, for n 
mdividuals on k days, the sums of the excietion values foi each of the 
individuals ovei this penod of days are Ji, L, I 3 , hj respectively, 
the daily totals summing all mdividual values for each day are Di, D 2 , 
Dz, Dkj respectively, and T is the grand total of all nk values of y 
These terms are measures of 

F«t — the within individual (mtramdividual) vaiiation This is a 
pooled (“statistically averaged’’) value for day to day variations for each 
of the mdividuals within the group and represents the average day to day 
vanations of each mdividual from his on n mean 

Ftcd = o-«d, the withm day (mtermdividual) variation This is a pooled 
value for the k days of the deviation of mdividual values on a given day 
from the mean group value on that day 
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Vty the deviation of the 7i individual mean values fiom the grand mean 
for the total period 

Vd, the deviation of the k daily mean values from the grand mean 
Vtd = o\dy the mteraction term or purely random ‘‘error ” This can 
be repiesented giaphically as the degree to which the individual values 
from day to day fail to move in a paiallel fashion 

(Tt, that pait of the mtermdividual variation (not attnbutable to random 
erior) which is consistent for the mdividual fiom day to day 

(Tdy that pait of the day to day “general up and down movement’^ of the 
group values which is over and above that expected from purely landom 
“erior ” 


Table I 

Analysts of Variances of Hour Urinary Excretion of Pyramxn by Normal Young 
Men on Different Levels of Thiamine Intake 
The men were maintained at each level of intake for periods of 2 or more months 
(see Table III for the exact time) The urinary excretion values are expressed as 
micrograms of 2-methyl -4-amino 5 ethoxymethylpynmidine hydiochlonde per day 
The thiamine intake is expressed as rag per day The definition of <t is given in the 
text The pooled values are the weighted averages for each column of figures 


Thnmine 

21 hr urmary pyranun excretion 

mtake 

Mean 



^id 


^d 


125 5 

21 0 


18 9 

8 9 

18 2 


165 4 

19 0 


IS 2 

5 3 

22 9 


171 5 

22 9 

30 0 

22 0 

6 5 


1 81 

267 4 

27 7 

40 1 

29 4 

0 

27 4 


232 0 

23 1 

28 9 

21 5 

8 4 

19 4 

Pooled values 

21 58 

29 65 

20 45 

6 90 

21 48 


Excretion of Pyramin — The values of the diffeient vaiiances (Table I) 
aie qmte constant for P 3 aamm, bemg homogeneously distiibuted through- 
out the data fiom all of the expeiunental groups on all levels of thiamine 
mtake and pyramin excietion 

The pyramin values from all of our pooled experimental data have been 
used m calculatmg the foUowmg variations m microgiams per day 

(T^Bx =■ 30 46, fftrd =3 22 61, = 20 81 

In each case theie are 500 to 600 degrees of fieedom By calculation from 
the above values, o-* = 8 84 and <Td = 22 24 In the urmaiy p 3 rranim excre- 
tion data, Cxy the individual variation coriected for landom “eiror, is 
very small, m some cases almost msigmficant Considenng the careful 
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control of the dietaiy intake of thiamine, the day to day vanation as repre« 
sen ted by is suipiismgly laige This may be partly due to the fact 

that, while the diet is caiefully controlled vnth lespectto thiamme, it Avas 
not possible to control the intake of the pyrimidmes which maybe i elated 
to thianune or its decomposition products Diiect analysis of the diets for 
pyiamm has been found to be valueless because of the tendency of com- 
pounds that aie mactive m the feimentation method to become “active” 
on feeding (3) 

Exaction of Thiamine — The vaiiance values m the thiamme excietion 
data aie not so uniformly distributed as they were in the pyiamm data 
The \ ai lation m the thiamme excretion depends to a large extent upon the 
magmtude of the mean wath which it is associated This has been noted 

Table II 

Analysis of Variance of 24 Hour Urinary Thiamine Excretion Data of Normal Young 
Men As Calculaltd by Tiuo Different Methods (See Table III for Details) 


A, values calculated from actual excretion data expressed in terms of micrograms 
of thiamme per day, and B, values calculated from the logarithms of the excretion 
data, expressed in terms of per cent of the mean thiamine excretion 


j 

Thiamme 

1 

Excretion 


A 

y Bi per day 


B per cent of mean 

intake 1 

1 

mean 

^xd 



s ! 


‘u-d 


^d 

<r 

‘"d 

mg per 
day 

y per day 



1 





1 



0 61 

5 

6 

6 

3 1 

5 

6 

184 

182 

104 

115 

113 

1 01 

26 

16 

13 ' 

13 

9 ' 

1 

125 

95 

25 

118 

88 

1 00 

65 

25 1 

23 

16 

20 

17 

41 

96 

7 

40 

95 

1 81 

1 195 

36 

29 

i 

22 

13 

22 

IS 

16 

13 

7 

2 00 

224 

; 106 

81 

57 

90 

; 58 

52 

26 

16 

42 

21 


to a certam extent by other workers (4) who have pi ef erred to express 
deviations in thiamme excietion m terms of percentages of the mean 
This strong dependence of variance upon the mean can readily be seen m 
Table II, A Where the variance is so intimately related to the mean, it is 
proper to convert the excretion values to logarithms before proceedmg 
with the analysis of variance, and then express the final figures as percent- 
ages of the mean ((16) p 448) This helps somewhat, but, as may be seen 
m Table II, B, even accordmg to this method the variances are not homo- 
geneously distributed throughout the various intake levels The logarith- 
mic treatment of the thiamine excretion data overcompensates for the 
trend seen m the ordinary analysis of variance (Table II, A) The proper 
method of analysis would mvolve some mtermediary statistical procedure 
which has not yet been developed Both of the presently available methods 
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foi the analj^sis of vanance, *\vhen applied to the thiamine data, yield lesults 
which are maikedly different and are inconsistent among themselves 
(Table II) This does not peimit large scale pooling of values oi even 
proper comparison of samples, and it makes strict analysis of variance 
almost impossible with the thiamme data It has been found possible to 
obtam reasonable lesults foi the sigmficance of the changes m thiamine 
excretion followmg a diastic change in physical activity or composition of 
diet (the thiamme intake mamtamed at the pievious constant level) by 
treatmg the urmaiy thiamme values on an individual basis The values 
for each mdividual, undei these cucumstances, must be compared with 
his own noraial values In this way o-,, one of the laige variables, can be 
ehmmated fiom the calculations 

The veiy laige values found foi 0*1 constitute one of the more striking 
phenomena of the thiamme excietion data The thiamme excreUon level 
is highly chaiactenstic of the mdividual as well as the mtake A group of 
men on identical and caiefully conti oiled intakes of thiamine will shoi\ 
very different but individually consistent levels of thiamme excretion 
Some of the men may consistently exciete tw ice as much thiamme as others 
At the same tune, howwei, the pyramm excietion level of these same 
mdividuals wiU be much less vaiiable Theie aie no visible outward signs 
to mdicate a leason for this difference m thiamme excietion (13) 

Themtraclass (01 mtiagioup) coi relation, 3 = (a*) /(o’* + o-jj), is a measure 
of the consistency wuth which the vanous individuals m a gioup mamtam 
their lelative positions withm the gioup ((16) p 243) The values foi 
each of the groups are given m Table III foi both thiamme and pyramm 
In geneial, the thiamme excietions show highly sigmficant values of r 
close to 0 7 (0 4 to 0 9), while those for pyramm aie about 01 (0 to 0 2) 
and statistically non-significant In the second of the two expeiiments 
previously desciibed, the reversal of mtalve levels of the tw^o gioups of men 
afforded an opportumty to check the consistency w ith which the mdividuals 
of a group hold then relative positions m that gioup when the intake levels 
are leversed It wms found that, w^hen the mdividuals weie lanked with 
respect to their position in the gioup both before and aftei the change m 
intake, the rank correlations ((16) p 164) obtamed weie +0 89 and +0 99, 
as compared with the mtragioup coirelation values ((16) p 243) of +0 85 
and +0 97, respectively, found foi these groups duimg the conti ol peiiod 
of 6 to 8 months This effect is veiy impoitant, and has been discussed in 
^ greater detail elsewhere (13) 

All of the expeiimental groups do not show as high correlation of thiamme 
mtake and excretion values as the above The low^ei values foi the mtra- 
group coi relations obtamed at some of the thiamme mtake levels are 
possibly attributable to the facts that (1) at low levels of thiamme intake, 
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wheie evcretion \ allies and the attendant variabilities all appioach zero, the 
possibility of distinguishing individuals decreases, and (2), smce the levels 
of thiamine excietion aie highly dependent upon the mdividuals m a group, 
the intraclass conelations obtained fiom small groups would be expected to 
\ary consideiably 

Time Required for Siahilizalion — One factor that must be kept m mmd 
in attempts to obtam thiamme and pyramin excietiou values chaiactenstic 
of a given intake of tluarmue is the peuod of time required for an mdividual 
to come into metabohe equilibiium with the new level of intake Fig 1 

Tabib III 

Summary of UrinarT/ Excretion of Thiamine and Pyramin hy Normal Young Men 
Maintained on Different Levels of Thiamine Intake for Periods of 2 or More Months 
The e\cretion values are given only for the collections made after the men uere 
stabilized at their intake levels The e\cretion of thiamine is given m inicrograms 
of thiamine hydrochloudo per 24 hours, whereas that of pyramin is in micrograms 
of 2 methyl -4 amino 5 ethoxymethylpynrmdine hydrochloride The definitions of 
the variances and correlation terms are given in the text The groups with an 
asterisk are those whose thiamine intakes were reversed after the 8 months experi- 
ment 


Daily thiamme 
mtake 

No o£ 

Months 

on 

Avera^^e thiamme excretion 

A\ eraoC pyramin excretion 




mtake 









mg 

<r 



Mean 


<r 

ICi 

B 

Mean 


‘kv 

r 

0 61 

0 07 

4 

6 

4 6 

6 3 



125 5 

21 0 

26 3 

n 

1 00 

0 08 

6 

8 

65 4 

25 1 



165 4 

19 0 

29 3 


1 00 

0 08 

6* 

3 

57 2 




155 8 




1 01 

0 07 

4 

1 6 

26 2 

15 9 

13 0 

0 38 

171 5 

22 9 

30 0 


1 81 

0 07 

2 

i 6 

195 4 

35 8 

29 5 

0 54 

267 4 

27 7 

40 1 

0 00 

2 00 

0 08 

6 

I 8 

224 0 

106 3 

81 1 

0 85 

233 6 

23 1 

28 9 


2 00 

0 08 

6* 

3 

; 249 3 




214 9 




5 

1 

1 6 

2 

971 

176 



307 

57 3 

46 5 


11 


8 

2 

il875 

i 865 



378 

43 5 

58 3 


16 


1 

2 

1430 




385 


35 7 



shows the rate of change of thiamme and pyiamin excietion levels found 
m a group of six men when they weie changed fiom a constant intake 
level of 1 00 mg of thiamme per day to a constant mtake level of 2 00 mg 
of thiainme per day The group subsequeiitl 3 ’’ remamed on this higher 
level of mtake for a period of about 8 months The plateau values shown 
represent the aveiage thiamme and pyiamm excretion values obtamed 
over appi oximately the last 6 months of this period The ordmates have 
been arranged so tliat the two plateau values coincide exactly m Fig 1 
The thiamme excretion values show a sharp and immediate nse, which, 
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howevei, does not reach the levels chaiacteiistic of the new intake dunng 
the first 30 days The pyramin values rise moi e slowly than the thiamine 
in the first fen days This may possibly account foi pievious lepoits that 
pyiaimn excietion values are msensitive to changes of, oi are entuely 
mdependent of, thiamme mtake The smooth least squares curve passing 
till ough the data in Fig 1 is 

Micrograms pyramin — 67 2 — 67 



Fig 1 Rate of stabilization of urinary and pyramin excretion when the thianime 
mtake is changed from 1 to 2 mg per day The increase in the excretion represents 
the difference betv,een the t^^o mtake groups 

where e is the base of the natuial system of logauthms, 2 718, and t is 
the time in days In this foimula ii = 10 days, that is, this cuive tiaverses 
half of the lemammg distance to the plateau level each 10 days Multipli- 
cation of the values found in the above equation by 2 36 gives the cone- 
spending thiamme values observed m this instance We have not studied 
lates of change follmvmg a decrease of thiamme mtake, nor those encoun- 
teied at higher oi lower levels of thiamine intake In the normal intake 
region studied, a group of individuals must be mamtamed on a caiefully 
conti oiled thiamme mtake for a peiiod of at least 6 weeks before then 
excretion values may be consideied to be tiuly characteristic of that level 
of intake 
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Beciusc of the gieat vaiiation m the thiarmne excretion data, there is a 
possibility that cei tain values may equal oi exceed the plateau value before 
the time indicated m Fig 1 

Relation between Intake and Excielion — In comparmg thiamme and 
pyraniin it must be lemembeied that the molecular weight of the thiamme 
st indaid is almost twice that of the pyranun standard Thus, on a molar 
basis, a use of 60 y of pyranun is equivalent to a rise of 100 y of thiamme 

Wlien the average excretion values for both thiamme and pyranun are 
plotted against the mg of thiamme ingested per day, the curves m Fig 2 
aie obtained The evei mcieasmg vaiiabihty m the thiamine data makes 
it difficult to deteimme the exact nature of the cuive i elating these pomts 
Theie is little to be gamed, hovever, m assummg that it is other than a 
straight Ime, especiall}^ foi excretion values at mtakes in excess of 1 0 mg of 
thiamme pei day Smee each individual shows his own characteiistic slope, 
a gieat vaiiabihty must be associated with any value given to the slope of 
this stiaight Ime Fittmg a least squares Ime to the thiamme excretion 
data which go to make up the values found m Table II gives the equation 

Micrograms thiamme excreted = —118 + 173 X mg thiamme intake 

This indicates that at mtakes below about 0 7 mg of thiamme per day 
the urmaiy thiamine excietion would be zero for most mdividuals It must 
be lemembeied that the level of urmary thiamme excretion is highly char- 
acteristic of the individual, consequently it is rather difficult to make useful 
geneiahzations fiom this 

The hteiature is in disagreement concerning the thiamme excretions on 
the lowei thiamme intakes This may be attiibuted to one or more of 
the following (1) individual differences of subjects, (2) inadequate time 
foi stabihzation of urmaiy excietion, (3) difficulties m exactly controlling 
dietaiy mtakes at these lower levels, (4) diffeiences*in analytical methods 
used m the deteimmation of thiamme, and (5) differences in the physical 
characteristics, activity, and hving conditions of the subjects The method 
used foi the deteimmation of thiamme is especially important when the 
concentration of this vitamm m the urine is very low Mickelsen, Condiff, 
and Keys (12) have discussed the problems mvolved under these circum- 
stances 

The 1 elation of the stabilized pyramm excretion values to thiamme 
intakes (Fig 2) is an exponential curve which can be lepresented by the 
equation 

Micrograms pyranun = 400 — 

uheie A == daily thiamme intake in mg The curve approaches a plateau 
value of 400 7 of pyramm per day for very high mtakes of thiamme The 
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howevei, does not reach the levels chaiacteiistic of the new intake dunng 
the first 30 days The pyramm values rise moie slo^^ly than the thiamine 
m the first feu days This may possibly account foi pievious lepoits that 
pyiamin excretion values aie insensitive to changes of, oi aie entirely 
mdependent of, thiamine intake The smooth least squaies cuive passing 
through the data in Fig 1 is 

Micrograms pyramm = 67 2 — 67 



Fig 1 Rate of btabilization of urinary and pyramm excretion when the thiamine 
intake is changed from 1 to 2 mg per day The increase in the excretion represents 
the difference between the two intake groups 

xvheie e is the base of the natuial system of logaiithms, 2 718, and t is 
the time in days In this foimula t\ = 10 days, that is, this curve traveises 
half of the lemammg distance to the plateau level each 10 days Multipli- 
cation of the values found in the above equation by 2 36 gives the corie- 
spoudmg thiamine values observed m this instance We have not studied 
lates of change follomng a decrease of thiamine intake, noi those encoun- 
teied at highei oi lower levels of thiamine intake In the normal mtake 
region studied, a group of individuals must be mamtamed on a carefully 
conti oiled thiamine mtake foi a period of at least 6 weeks before their 
excietion values may be consideied to be truly characteristic of that level 
of mtake 
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With the mean e\ci etion \ alues of enty-two individuals v ho have been 
maintained on levels of 0 6, 1 0, 1 8, and 2 0 mg of thiaimne per day (Table 
III), the correlation coefficient ((16) p 138), ti, relatmg thiamme evcretion 
to intake, was +0 88, and the one i elating pyramm e\ci etion to thiamme 
mtake, rj, nas +0 03 The pyiamin excretion data show the higher corre- 
lation coefficient, but vith tn enty-two cases the difference between the two 
IS non-significant The diffeience is still found to be non-sigmficant when 
all of the oiigmal data are used 

Another approach involves the use of Hotelling’s I test, which is specifi- 
cally designed to show which of tw o variables is best suited for the prediction 
of a thud (1) When the calculations for this test aie made, it is again 
found that pyramm e\ci etion is better, but not sigmficantly so, than 
thiamme for the prediction of tluamme mtake 

Other methods of comparison have also been studied In one of these, 
the variations in the excretion values at each mtake level have been ex- 
pressed in terms of thiamme intake by means of the slopes relatmg the 
excretion of thiamme and pyiamm (expressed in equimolar terms) to 
thiamme intake This procedure mdicates that the relative superiority of 
the one excretion test over the other is dependent upon the intake level, 
but a gam exact comparisons aie difficult 

Below a thiamme mtake of about 0 7 mg per day, the thiamme excretion 
approaches zero Statistically these values are very constant, but experi- 
mentally not very useful At these same levels of intake the pyramm 
excretion values are easily measurable At thiamme intake levels close to 
1 0 mg of thiamme per day both thiamme and pyramm excretion values 
are equally reliable as indicators of thiamme intake At thiamme intakes 
below I 0 mg of thiamme per day the thiamme excretion values are statis- 
tically less variable than the pyramm At thiamme intakes above 1 0 
mg per day the pyiamm excretion values are less vanable and thus more 
rehable than the thiamme values 

One of the great drawbacks m the use of thiamme is that the excretion 
level IS highly characteristic of the mdindual This property is apparent 
at the mtake levels ordmaiily encountered m the normal American dietaiy, 
which makes it difficult to compare the data of one group with that from 
another Except at mtake levels between 0 7 and 1 0 mg of thiamme per 
day, the pyramm exci etion is slightly more sensitive to intake than is 
thiamme excretion Consequently, at intake levels below 1 mg of thiamme 
but above 0 7 mg pei day, it is better to use the thiamme excretion as an m- 
dicator of the mtake From 1 mg up to about 5 mg it is better, however, 
to use the pyi amm exci etion Unless the mtake level is know n, it is rather 
difficult to determme which of the tw o mdices is the better Under such 
conditions and as a means of improvmg the accuracy of the mtake predic- 
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tion, it IS advisable to determine both excretion compounds A multiple 
regression equation ((16) p 340) or discriminant function (2) may be set 
up which m turn can be converted to 

Mg thiamine intake = ~0 65 + 0 00S6 pyramin + 0 0027 thiamine 


Table IV 

Original Urinary Thiamine and Pyramin Excretion Data of Individual Subjects 
Maintained on Constant Thiamine Intake for 8 Months 
The first si\ men received 2 mg of thiamine per day throughout this period, ^\hile 
the other si\ received 1 mg Bi represents the daily thiamine excretions in micro 
grams and P, the daily pyramin excretion in micrograms of 2-mcth>l-4 amino-5 
ethoxymethylpynmidine hydrochloride 


Time of urinary collection 


Subject 


December 



April 

June 

July 

Mean 

D 


276 

294 

350 

433 

398 

348 

168 

381 

330 

353 

276 

333 

328 


P 

230 

282 

240 

228 

227 

250 

142 

236 

194 

211 

264 

248 

229 

C 

B, 

82 

87 

88 

123 

140 

164 

138 

91 

128 

87 


86 

no 


P 

275 

290 

238 

236 

216 

273 

221 

244 

220 

231 


245 

247 

B 

B, 

231 

141 

158 

238 

336 

416 

500 

294 

364 

296 

318 

316 

301 


P 

266 

228 

195 

220 

243 

245 

220 

242 

185 

261 

Bill 

235 

229 

W 

Bi 

128 

191 

109 

167 

180 

318 

140 

112 

206 

209 

153 

234 

179 


P 

238 

249 


203 

26S 

264 

207 

227 

191 

211 


253 

228 

H 

Bx 

148 

122 

138 

225 

100 

176 

295 

110 

193 

163 

152 

198 

168 


P 

231 

306 

246 

280 

272 

215 

205 

219 

216 

248 

247 

243 

244 

Pe 

Bi 

114 

128 

101 

183 

200 

191 

307 

252 

193 

156 

113 

134 

173 


P 
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278 
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64 

95 


P 

230 

211 

190 

202 
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62 

38 

: 

32 

22 

22 
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62 

52 

60 

69 

97 

78 

81 

55 

57 

52 

40 

38 
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167 
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150 
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E 
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60 

48 

53 

67 

77 

81 
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38 
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85 

83 

86 
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90 

73 

70 

16 

36 

38 
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41 
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Bi 

55 

46 
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62 

76 
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48 

52 
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P 
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146 

170 


where thiamme and pyramin are the urmary values for these compounds 
expressed as indicated above The constants m this equation have been 
calculated from the data m Table IV In this equation pyramm is weighted 
twice as heavily as thiamme, which agam mdicates that it is a shghtly more 
reliable mdicator of thiamme mtake (2) It must be emphasized that all 
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of the equations gnen m this paper have been seemed from our data and 
arc nic.int to hold only for our sot of conditions, and must be rigidly checked 
before the> ire used under any other cncumstances 

DISCUSSION 

In the pist, burpnsuigly little work has been done with pyramm, espe- 
cially m prolonged experiments Pollock, Ellenberg, and Dolger (14) were 
probably the first to make actual analyses of the pjiamm content of the 
unne (called by them “pyrimidine”) They suggested that the unnary 
thiamine excretion represented only the immediateli’- preceding vitamm 
intake, whereas the pyiamin excretion moie faitlifullj’- miiioied the body 
stores of thiamine Since the urmaiy pyramm excretion mcreases after 
the injection of 100 mg of thiamine, the}’’ postulated that pjnamm is de- 
rived from thiamme 

Wertz and Mitchell (17) used the pyramm values ex-pressed as thiamme 
equivalents, plus the actual thiamme values as a measure of the “total” 
t hiamm e excretion Although their ex-periments w'ere of only a few^ days 
duration, there is an mdication that at the low'er levels of thiamme m- 
take a greater fraction of the mtake can be accounted foi on the basis of 
“total” urinary thiamme excretion than at the higher levels of mtake 
Our work confirms and supplements this Fig 3, w'hich is based on our 
data, show s that w'lth mcreasmg thiamme intakes the excretion of thiamme 
mcreases, but tends to reach a plateau at about 13 per cent of the mtake 
When the pyiamm content of the urine is added to this, the total per cent 
of the mtake accounted for in the urine decreases as the intake mcreases 
Even at the lower dietary intakes, a maximum of 42 per cent of the m- 
take xvas accounted for as the sum of pjn-amm and thiamme, whereas at 
levels of intake of 1 mg only 35 per cent was accounted for There is 
no indication as to the fate of the remaimng thi amm e Nothmg can be 
said about the stabihty of pyramm m the body until it is isolated and char- 
acterized Thepyiimidine rmg m thiamme may be broken dmvn by the 
body to compounds other than pyramm 

Gorham, Abels, Robms, and Rhoads (5) foimd a marked mcrease m 
the pyiamin excietion foUowmg the mjection of 5 mg of thiamme, whereas 
the pyramm excretion w^as almost unaffected by the mjection of 5 mg of 
2-methyl-4-ammo-5-methoxyethylpynmidme (sic ) Them work also brmgs 
out the greater variation m the excretion of thiamme, when compared to 
that of pyramm 

Regardless of whether thiamme or pyramm is used, a comprehensive 
statistical evaluation of the urmary excretion is necessary before any 
assessment can be made of this techmque as a measure of vitamm require- 
ment Many workers have come to conclusions on the human vitamm 
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requuement based only on unappraised unnary excetion data Only one 
such example *will be mentioned to illustrate a common fallacy Mason and 
WiUiams (9) mcreased stepwise the thiamme mtake from 0 4 up to 2 0 mg 
per day They noticed a “marked” change m the slope of the uimaiy 
thiamine excretion when the mtake was mcreased from 0 8 to 1 0 mg This 
led them to conclude “that a level of mtake of 800 miciograms vas just 
enough for physiologic purposes and that above this level a gi eater amount 
was excreted as surplus” (p 251) Statistical examination of their data 
fails to shov any sigmficant change in the slope of the unnary excretion 



Fig 3 The recovery of thiamine and pyramin m the urine at different levels 
of thiamine intake All values are based on the stabilized excretion values and 
represent the averages of the four or more men listed in Tables I and II 

curve at this pomt In fact, the total change m the excretion values at the 
two mtakes is just barely sigmficant (p = 0 02), even when advantage is 
taken of paired variance assumptions 
Vanous workers have argued strongly foi the use of the urmary excretion 
of thiamme as an mdex of the nutritional status of the mdividual The 
supportmg data consist primarily of a number of isolated shoit tun® 
experiments which were poorly controlled more often than not In spite 
of the many analyses of urmary thiamme that have been reported by many 
orkers, practically no one has attempted a statistical analysis to establisn 
the possible significance of the data The result has been a neglect of some 



MICICLLSIN, CASTLR, ANT) KEYS 


429 


of the b ibic f’ltts Excretion cquihbuum at a given thiamine intake level 
requues many days We ha\e as yet no proper mfoimation as to vaiia- 
tions in tlic 1 ite of ittainmcnt of equilibrium But even when equilibrium 
has been est ibhshed at a highly constant thiamine intake, there are, as 
we lu\c shown, \ery large consistent individual differences and consider- 
able da> to day viriatious Maiked mtei- and mtiaindividual variations 
in thiamine excietion associated with a constant thiamine mtake have been 
noted without statistical analysis by Weitz and Mitchell (17) Limitation 
of analysis to a casual comparison of group averages has obscured the ques- 
tion of the meamng of the individual estimation and has led to unwarranted 
optimism 

The facts are that one ^^normab’ person may exciete twice or even 3 
times as much thiamme as another ‘^normal’' person on exactly the same 
diet In any one day these differences are apt to be considerably larger 
than the mean differences Fmally, we may note that when the thiamme 
intake is clianged the rate of response m urmary excretion is such that only 
half the change is completed m 10 days (Fig 1) This is true for both 
thiamme and pyramin excretion Obviously this fact is of great importance 
m all experiments relatmg thiamme excretion to mtake and attempts to 
interpret thiamme “load” or “saturation” tests Melmck (11) has cnti- 
cized some of our earliei leports on thiamme excretion associated with low 
thiamme intakes (7) as bemg “too low^ ” Our reported excretions, bemg 
aclueved at the true plateau level, are naturally low^er than the values 
obtamed only a few days after the change from a high to a low’' mtake 

In this paper we have discussed only “normal” young men, that is 
young men with no histoiy, signs, or symptoms of nutritional, digestive, oi 
metabolic peculiarities We can only believe that the vaiiations m a less 
rigidly “normal” and homogeneous population must be moie than with 
our subjects 


SUl^IMARY 

1 Thiamme and pyramin excretion values from twenty-two normal 
young men mamtamed for prolonged periods on very carefully conti oiled 
thiamme intakes of 0 6, 1 0, 1 8, and 2 0 mg per day have been studied 
statistically 

2 Thiamme excretion values appear m a general w^ay to be Imearly re- 
lated to the thiamme mtake, but are also highly characteristic of the 
individual One “normal” mdividual may excrete twice as much as another 
“normal” individual on the same thiamme mtake The mtermdividual, 
mtramdividual, and random variabilities occurrmg m the thiamme data 
increase markedly (but not quite m direct proportion) as the excretion 
values mcrease Strict analysis of variance is almost impossible with these 
data 
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3 The relationship between pyramin excretion values and thiamine 
mtake is exponential, with the cuive approaching a plateau of about 400 7 
of pyiamm at very high mtake values In the region of noimal mtake 
levels (1 to 2 mg pei day) the relationship is very close to hnear The 
vaiiabihties aie quite homogeneously distiibuted, a fact which greatly 
facihtates statistical treatment of the data 

4 Seveial advantages appear to be secured fiom the use of pyramm over 
the thiamme excretion data (a) gieatei ease of statistical treatment of the 
data, \Yith a coi responding mcrease m ceitamty of the results, (b) thiamme 
excretion values are subject to large, consistent, mdividual diffeiences, 
while m the pyramm data the mdividual diffeiences are very small, and 
(c) at low levels of thiamme mtake the excretion of pyramm is still de- 
teimmable, whereas the excretion of thiamine itself becomes zero 

5 When the thiamme mtake is mci eased from 1 to 2 mg , it requires a 
peiiod of about 6 weeks for thiamine and pyiamm urmary excretion values 
to come to equihbnum Avith the new mtake level Half of this change oc- 
cuis durmg the hist 10 days 

6 The necessity for statistical treatment of excretion data and, further, 
the necessity for recognizmg the nature of the vaiiabihties mvolved m this 
data have been pomted out 

Mr Howard Condiff and IVIiss Laura Werner made the analyses for 
thiamme, Mi Eugene Sunnen and Miss Dons Fredson assisted with the 
pyramin analyses, Mr Ersal I^mdel built the apparatus for the deteimina- 
tion of pyramm, Dr Howard Alexander helped vnth the statistical work ^ 
mvolved m this paper, for which we ai e smcerely grateful A large number 
of Civihan Public Service men served dihgently as subjects for these 
expenments 
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Ripei and Speakman (1, 2) have shown that hallachiome (I) is formed 
fiom 3,4-diliydio\yphenylalanme m the presence of potato, fungus, and 
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meal worm tyrosinases Hogeboom and Adams (3) have isolated a 
3,4-dihydro\yphenylalamne oxidase (dopa oxidase) from the Hardmg- 
Passey melanoma In the present study the oxidations of dihydroxy- 
phenylalanme by melanoma dopa oxidase and by mushroom tyrosmase 
have been compared spectrophotometncally It has been found that 
haliachrome is formed m the presence of mammahan dopa oxidase 


EXPERIMENTAL 

A mammahan dopa oxidase was prepared by the method of Hogeboom 
and Adams (3) from the S91-dba mouse melanoma The tumor matenal 
was generously supplied by Dr Glenn H Algire of the National Cancer 
Institute To measure the activity of the preparation, 0 5 ml of the 
enzyme was mixed with 2 5 ml of phosphate buffer at pH 6 8, contammg 
0 5 mg of Z~3,4-dihydroxyphenylalamne (Hoffmann-La Roche) 3 atoms 
of oxygen were consumed pei molecule of substrate m 100 minutes In 
600 mmutes, 4 atoms of oxygen were consumed The experiment was 
termmated at 1000 mmutes, when 4 2 atoms of oxygen had been consumed 
This deteimmation was cained out at 31 7^, the manometiic techmque 
has already been described (4) 

Tyrosmase was prepared fiom Psalhoia campestris, accordmg to the 
piocedure of Ludwig and Nelson (5) The sample contamed 273 cate- 

* The first article m this senes is in press (Ann New VorL Acad Sc (1947)) 
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cholase units per ml , or 90 umts pei mg of dry Vi eight, as determined 
by the method of jMiUer and coworkers (6) 

To follow the course of the enzymic reactions by means of the spec- 
trophotometer (Beckman), contmuous readmgs were made and the trans- 
formations of the chromophores m\olved were quantitatively lecorded 
In applymg this techmque, 3 0 ml of buffer solution were measured mto 
a 1 0 cm quartz spectrophotometer cell (compaiison cell), and 3 0 ml 
of the same buffer containmg dihydroxyphenylalanme were measmed 
mto another cell The absorption spectrum of the substrate was then 
determmed as a check upon the concentration and freshness of the solution 
Sht width was mamtamed at 0 3 mm and vndened at the short i\a\e- 
lengths only as much as required by the decreasing transparency of the 
comparison solution The tjTosmase was diluted so that 0 1 ml contained 
the desired number of umts Smce the dopa oxidase was not of suffi- 
cient strength to permit this, the volume of the enzyme used was vaned 
up to 0 3 ml The enzyme was added to the companson cell and the mLv 
ture caiefuUy stirred The same volume of enzyme was then added to 
the cell containmg dihydroxyphenylalanme, the time was recoided, and 
the mixture agam carefully stirred Density values were contmuously 
read, scannmg the field from the long to the short wave-lengths at mten^als 
which vaned from 2 5 to 20 m/i, dependmg upon the character of the region 
From 3 to 5 minutes wei'e required to scan the range between 400 and 230 
m^i When desirable, the densities at specific wave-lengths were followed 
contmuously All experiments were conducted at a room temperature 
of 28-29° 


Results 

The spectrophotometnc course of the oxidation of varymg concentrations 
of dihydroxyphenylalanme m the presence of varymg amoimts of tjro- 
smase was determmed as a standard agamst which the action of dopa 
oxidase could be compared In Fig 1 is depicted the sequence of absorp- 
tion spectra observed when 3 0 ml of a substrate solution containing 
0 008 mg of dihydioxyphenylalamne per ml were oxidized m the piesence 
of 0 27 (A), 1 4 (B), and 9 0 (C) catecholase umts of mushroom tyrosmase 
The absorption spectrum of dihydroxyphenylalanme, maximum = 280 
mp, log e = 3 43, was replaced by a new and more mtense maxunum at 
305 mpt when 9 0 imits of enzyme were employed In the presence of 0 27 
and 1 4 umts, an mcomplete progression toward this cmve could be ob- 
served 

The results obtamed when 3 0 ml of substrate solution containmg 
0 024 mg of dihydroxyphenylalanme per ml were oxidized m the presence 
of 1 4 (A), 9 0 (B), and 13 5 (C) catecholase umts are presented m Fig 2 
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The absorption Spectium of dihydio\> phenylalanine was again found to 
be repl iced by a new spcctuim with a maMraum at 305 m/i The height 
and speed with which the new ma\imum developed weie a function of 
the enzyme concentration In the presence of 13 5 units of enzyme, 
the chromoplioie reached its gieatest concentration in 15 minutes At 
this point the solution was blight red, the coloi thereafter changed to 
purple and finally to blown, corresponding to the formation of synthetic 



WAVELENGTH M/i. 

Fig 1 Spectrophotometnc course of the oxidation of 3,4 dihydroxyphenylalamne 
m the presence of tyrosinase A, 0 008 mg per ml and 0 27 catecholase units at 
(reading up) 0, 10, and 35 minutes, B, with 1 4 catecholase umta at 0, 10, and 50 min- 
utes, 0, With 9 0 catecholase umts at 0, 2, and 11 minutes 

dopa melanin Durmg these changes the absorption spectra gradually 
approached cuives mdicatmg general absorption 
The dopa oxidase preparation pioved to be much less active than the 
partially purified tyrosmase When 3 0 ml of a substrate solution con- 
taining 0 024 mg of dihydroxyphenylalamne per ml were oxidized m the 
presence of 0 1 ml of dopa oxidase (Fig 3, B), an incomplete sequence 
was obtamed, roughly approximatmg the oxidation of a hke amount of 
dihydroxyphenylalamne m the presence of 1 4 umts of tyrosinase By 
mcreasmg the amount of enzyme employed to 0 2 ml , the sequence of 
reactions progressed to a clear development of an absorption spectrum 
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With a ma ximum at 310 m/x (Fig 3, C) The optical properties of the 
reaction mixture were such that no measurements could be obtained below 
285 mjLx A similar development of an absorption spectrum with a maximum 
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Fig 2 Spectrophotometnc course of the oxidation of 3,4-dihydro\yphenyIalanine 
in the presence of tyrosinase A , 0 024 mg per ml and 1 4 catecholase units at 0 and 
28 minutes and 19 hours, jB, with 9 0 catecholase umts at 0, 2, 5, and 21 minutes and 
18 hours, (7, with 13 5 catecholase umts at 0, 1, and 15 minutes and 18 hours 

at 305 to 310 m/x was observed when the concentration of the substrate was 
0 008 mg per ml By advancmg the ratio of enzyme to substrate con- 
centration to 0 3 ml of enzyme per 3 0 ml of solution containing 0 008 
mg of dihydrox 3 ^henylalanme per ml , a new effect was observed An 




H 8 MASON 


437 


intermediate absorption spectrum with a maximum below 285 mju qmckly 
developed This gradually disappeared and was leplaced by the pieviously 
observed maximum at 305 to 310 mfx (Fig 3, A) 
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Fig 3 Spectrophotometric course of the o\idation of 3, 4-dihydro\yphenyl alanine 
in the presence of dopa oxidase A , 0 008 mg per ml and 0 3 ml of enzyme at (read- 
ing up) 0, 15, and 120 minutes, B, 0 024 mg per ml with 0 10 ml at 0, 8, and 150 
minutes, C, 0 024 mg per ml with 0 2 ml of enzyme at 0, 15, and 150 minutes 

DISCUSSION 

Dihydroxyphenylalamne is known to be oxidized to a brown pigment 
m the presence of both mammahan (3) and non-mammahan (1) phenol- 
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oxidases When investigated, these processes have been shown to require 
approximately 4 atoms of oxygen per molecule of substrate (3, 7) The 
initial sequence of leactions takmg place when dihydroxyphenylalamne 
IS oxidized in the presence of tyrosmases has been worked out by Raper (2) 
It has not been proved that a smnlar sequence occurs when synthetic 
dopa melanm is formed by mammahan dopa oxidase In the piesent 
investigation, red, and finally brown, pigment was obseived to form when 
dihydroxyphenylalamne was oxidized m the presence of either mushroom 
tyrosmase or a mammahan dopa oxidase Smce the red pigment is charac- 
terized m both mstances by maximum absorption at 305 to 310 m/n, it is 
probable that hallachrome is formed from dihydioxyphenylalamne by both 
enzymes 

The enzyme preparations weie of diffeient lelative purities No con- 
clusions regardmg the relative lates at which the red pigment formed may 
be dra\vn When the ratio between the concentrations of dopa oxidase 
and the substrate was high, a chiomophoric substance mtermediate 
between dihydroxyphenylalamne and hallachrome accumulated "While 
several explanations for this change m the relative rates of the consecutive 
reactions mvolved are evident, no decision is possible at piesent 

The shght shift m the position of the absorption maximum of the red 
pigment between 305 and 310 mja (c/ Figs 2, C and 3, C) may be ascribed 
to the metachromatic effect (8) arismg fiom differences m quantity and 
kind of piotein m the two enzyme pieparations 

SUMMARY 

1 An absorption maximum at 305 to 310 m/x, characterizing hallachrome, 
developed when dihydroxyphenylalanme was oxidized m the presence 
of eithei mushroom tyiosmase oi melanoma dopa oxidase 

The assistance of Anne H Wright wuth the manometric determmations 
is giatefully acknowledged 
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One of the earliest suggestions that the late of absorption fiom the intes- 
tine might not be the same for all amino acids came from mdirect evidence 
The ammo acid mtiogen of the blood of dogs and labbits showed a moie 
rapid increase after the oral admmistration of glycine and alanme than 
after similar admmistiation of glutamic and aspartic acids (1) It was 
suggested that the naturally occurring dicarboxyhc ammo acids might be 
less rapidl}’' absorbed Studies of the changes of the non-piotem mtrogen 
of the blood after ammo acids were fed to rabbits led Johnston and Lewus 
(2) to suggest that the rate of absorption of ammo acids from the mtestme 
might be one of the important factors m the rate of metabolism of the ammo 
acids 

The Con technique (3) permits an accurate determmation of the mateiial 
absorbed from the gastromtestmal canal of rats and the use of small animals 
of this type has made possible such a study with the use of lelatively small 
amounts of ammo acids Wilson and Lewis (4) extended the piehminary 
experiments of Con (5), who studied glycme and alanme, to include alanme 
and a number of othei ammo acids The absorption of most of the othei 
ammo acids of the protein molecule has now been mvestigated by this 
proceduie 

The purpose of the piesent study was to determine the effect of steieo- 
cheimcal differences on the rate of absorption of ammo acids, as exemphfied 
by an investigation of the comparative behavior of Z-, d-, and dZ-alanme 
The influence of a shift m the position of the ammo group has also been 
deteinuned by a companson of dZ-alanme with the naturally occurring 
jS-alanme and of dZ-seiine with dZ-isoseiine The companson of serme 
with alanme and of isoserme with /3-alanme should afford information on 
the effect of the mtroduction of a hydroxyl group mto the molecule of the 
ammo derivatives of propionic acid 

^Present address, Randolph-Macon Woman’s College, Lynchburg, Virgima A 
part of the experimental work was earned out in the chemical laboratones of the 
Randolph-Macon Woman*s College Financial support was available through a 
grant to one of us (F A S) from the American Association for the \dvancement of 
Science admimstered by the Virgima Academy of Science 
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EXPERIMENTAL 

The general proceduie was that of Con (3) as modified by Wilson and 
Lewis (4) for the study of the absorption of ammo acids Male white rats, 
whose weight after a 24 hour fast was 115 to 135 gm , were used In order 
to insuie umforml}'' good nutritive condition, they were all fed a commercial 
rat diet (Rockland or Purma chow) for 7 to 21 days pnor to the fasting 
penod The prelimmary penod of fastmg (24 hours), the methods of 
administration of the ammo acids, and the preparation of the solutions for 
analyses of the gastromtestmal contents were similar to those used previ- 
ously (4) 

The penod allowed for absorption was in all cases the same, 3 hours 
It should be noted also that, in all experiments, the amounts of ammo acids 
fed w ere m considerable excess of the amount which could be absorbed over 
the total 3 hour period The ammo acids were m aqueous solution as such 
rather than as the sodium salts fed m certain of our earher experiments (4) 
It was possible to improve our procedure so that the penod dmmg which 
the gastromtestmal tiact remamed frozen m the ice box after removal from 
the body and prior to the analyses was reduced to 2 5 hours 

The ammo acids weie obtamed from commeicial sources except |3-alanme 
and isoseime which were synthesized in this laboratory In the analysis 
of i3-alamne by the Van Slyke volumetric ammo mtiogen procedure, 
a reaction time of 15 minutes was reqmred instead of the usual 3 foi com- 
plete leaction This penod was used m the analyses of gastromtestmal 
contents m those experiments m which /3-alanme was fed Isoserme gave 
somewhat moie than the theoretical ammo mtrogen m 3 minutes and it 
w^as necessary to use the proper correction factor for this ammo acid All 
compounds were analyzed for total and ammo mtrogen with satisfactory 
results 

The d- and Z-alanme were obtamed through the cooperation of Dr Max S 
Dunn of the University of CaMomia at Los Angeles, m whose laboratory 
their specific rotations, — 13 57° and +13 83° respectively, were determined 
under standard conditions (Z = 25°, X = 5893 A, solvent, 5 97 N hydro- 
chlonc acid, concentration of ammo acid, approximately 2 gm m 100 ml 
of solvent) Other samples of the optical isomers of alanme, jsecured 
through Hoffmaim-La Roche, Inc , showed satisfactory purity on analysis, 
but their optical activity was not exammed The samples from both 
sources behaved similarly m the biological studies 

To test the accuracy of the procedure, a solution of dZ-alamne of approx- 
imately the same concentration as that used m the absorption studies was 
fed to three rats and the animals were killed as rapidly as possible Not 
more than 4 mmutes elapsed betw een the mtroduction of the solution mto 
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the htomacli and the placing of the excised gastrointestinal tract m the 
freezing chamber Recoveries of alanine (as ammo nitrogen) were 93, 94, 
and 93 pei cent of the amount fed These recoveries are similar to those 
of Butts, Dunn, and Hallman (6) who obtamed 91 5 per cent m similar 
control expeiunents 

Since the amount of ammo acid absorbed is determmed as the difference 
. between the amount of ammo nitrogen fed and that remaming m the tract 
at the end of the absorption period, it is necessary to coriect the lattei 
value for the residual ammo mtrogen of the tiact of the fasting rat as de- 
scribed previously (4) This correction was determmed with two senes 
of animals, a summer series and a fall and ivmter series In the s umm er 
group, twelve anunals gave an aveiage of 6 9 mg of residual ammo acid 
nitrogen per 100 gm of body weight, with a range of 5 0 to 9 7 (only two 
values exceeded 7 9), and m the fall-ivmter group of twenty anunals, 
shghtly lower values were obtamed, 4 4 mg with a range of 2 4 to 7 1 mg 
(only one value above 6 5) These values were used as correction factors 
m the coriespondmg series of experunental animals These control values 
are slightly higher than those obtamed previously m this laboratory (4), 
but m those senes, also, somewhat higher residual ammo mtrogen values 
weie observed m the summer senes 

The results obtamed are presented m condensed form m Table I With 
dl-alanme, a summer series of sixteen animals and a second (fall-wmter) 
senes of fourteen animals were studied Absorption coefficients of 79 
(range, 64 to 96) and 82 (range, 77 to 92) mg per 100 gm of rat per hour 
were obtamed All subsequent experiments wnth other ammo acids were 
in the fall-wmter series The absorption coefficient of di-alanme was 
quite high and m general, similar to but shghtly higher than the value (72) 
obtamed previously m this laboratory 

The rate of absorption of the I isomer of alanme was determmed m seven- 
teen anunals, twelve of which received the ammo acid obtamed from 
Hoffmann-La Roche, Inc , and five that from Dr Dunn The coefficients 
of absorption of the two groups were 83 and 79 respectively, with a mean 
foi all seventeen animals of 81 5 In the studies wnth d-alamne, the 
animals receivmg the Hoffmann-La Roche and the Dunn preparation 
numbeied thirteen and five respectively The coefficients of the two 
groups, 62 and 59, were not significantly different The mean of all eight- 
een animals was 61 6 d-Alanme appears to be absorbed at a shghtly lower 
rate than the I isomer or racemic alanme 

/3-Alanme, which because of its shghtly greater solubility could be fed 
at shghtly higher levels than dZ-alanme, was absorbed at a defimtely lowei 
rate (51 4) Somewhat greater mdividual variations were noted m the 
experiments with /3-alanme than were observed m the dl- and Z-alanine 
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series A similar vaiiation was observed m the d-alamne senes It seems 
piobable that, when the rate of absorption is lower, individual diffeiences 
may be moie evident 

The late of absorption of serme (67 1), while defimtely lower than that 
of either dl- or i-alanme, w^as considerably greater than that of )S-alanine 


Table I 


Statistical Com'paT^son of Rates of Absorption of Ammo Acids from Gastrointestinal 
Tract during S Hour Periods of Rats Fasted for 24 Hours 


In Column A, the rate of absorption of the ammo acids under consideration is 
compared statistically with that of dZ-alamne, m Column B, with that of d-alamne, 
in Column C, with that of Z-alamne, and in Column D, with that of dl serine 


No of 
rats 

Amino acid 

Absorption coefficient, 
per 100 gm per hr 

Si* 

if for diHerence of means 

Maxi 

mum 

Mmi 

mum 

Mean 

(X) 

(A) 

(B) 

(C) 

(D) 



ms 

ms 

mg 






30 

di-Alamne 

96 

64 

80 5+ 

52 3 





18 

d-Alamne 

78 

40 

61 6 

74 5 

S 2 


8 0 


17 

Z-Alamne 

92 

73 

81 5+ 

21 9 

0 50 










(P > 0 6) 




13 

i3-Alamne 

60 

34 

51 4 

61 1 

11 8 

3 4 (0 001 

13 2 









> P > 0 01) 



12 

d^-Serine 

75 

54 

67 1 

37 5 

5 7 




12 

di-Isoserine 

19 

10 

14 1 

8 4 

36 3 



32 0 










! 


* S^ is the unbiased estimate of the population variance = 

t Values of t not in bold-face are t values as calculated by “Student^'-Fisher In 
the case of the values in bold-faced type, the ratio of estimated variances was too 
great (for the Snedecor F fvariance ratio) , P <0 10) to assume that both samples came 
from equally variable populations and hence the usual “Student^* -Fisher test for 
the comparison of means is not applicable The samples here are smaller than one 
ought to have for the use of the large sample test m which the variance of the differ 
ence of sample means is simply estimated as the sum of their estimated variances 
There is, how ever, an exact test (Scheffd) available for such cases, and this gives a t 
which obeys the “Student'^-Fisher law but with degrees of freedom 1 less than the 
smaller sample size (7) The bold-face values of t are of this latter kind ValucD o 
P are given whenever they are >0 001 


S(X - XP \ 
N-l ) 


The coeflScient of isoserme (14 1), on the other hand, was much lower than 
that of any other ammo acid studied m these experiments This is to be 
contrasted with the very lapid absorption of alamne and the good ab- 
sorption of serme Even the more slow ly absorbed /3-alamne (m which the 
ammo group is m the same position as m isoserme) was absorbed at a rate 
approximately 4 times as great as that of isoserme 
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Because of the limited solubility of isoserme m water, the amounts which 
could be dissolved in the 2 ml of solution administered were small (49 to 
6S mg per 100 gni of lat), amounts dehmtely lower than those of the 
other ammo acids studied (226 to 419 mg ) Although ammo nitrogen was 
still present m the contents of the gastiomtestmal canal m considerable 
amounts at the end of the 3 hom absorption periods, it seemed possible 
that the low rate of absorption might be lelated, m part, at least, to the 
small quantity of the ammo acid presented for absorption m the tract 
a contiol, a senes of animals received d^alanme m amounts smnlar to 
the amounts of isosenne fed At the end of a 3 hour absorption period, the 
alamne had been completely absorbed, a findmg which was to have been 
anticipated if the absorption had pioceeded at a rate comparable to that of 
the other experiments wth alamne The poor absorption of isoserme can 
hardly be attributed to the small amounts of the ammo acid winch could 
be fed 

The data obtamed were analyzed by the Statistical Research Laboratory 
of the Umversity of Michigan We wish to express oui appreciation to 
Piofessor Cecil C Craig, Durectoi of the Laboiatory, for his aid m the 
mterpretation of the data As sho^vn m Table I (Columns A, B, C, and 
D), all of the differences are of statistical significance except the dif- 
ferences between the absorption coefficients of dU and Z-alamne 
The observation that dl- and Z-alamne were absorbed at essentially the 
same rate is m agreement wth previous wory from this laboratory (4) 
A study of the hteiature fails to reveal any real differences m the rate at 
which the ‘^natural*' optically active isomers and the racemic amino acids 
are absorbed In previous studies from this laboratory (8), the absorption 
coefficients of the lacemic forms of leucme, isoleucme, and vahne were 
found to be the same as those of the I foims While differences m the co- 
efficients of absorption of lacenuc and i-tryptophane have been reported 
as mdicatmg a shghtly more rapid absorption of the I isomer (9), the dif- 
terences are so shght as to make this conclusion a debatable one 
In the present expeiiments, d-alanme was absoibed at a rate significantly 
lower than that of l-alanme We are not famfiiar with any previous 
experiments with rats by the Con proceduie m which the lates of absorption 
of the d and I isomers of puie ammo acids are compared 
It was surpnsmg to observe that the presence of d-alanme m the racemic 
alamne did not lowei the rate of absorption of this material as compared 
with Z-alanme If lacemic alamne were an equimolecular mixture of the 
d and I isomers, its absorption coefficient might be expected to be less 

^ It should be noted that in the earlier papers cited from this laboratory (2, 4, 8), 
the older ammo acid nomenclature is used d-Alamne of previous experiments (4) 
18 I alamne according to the nomenclature used m the present paper 
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than that of Z-alanme, since m general the rate of absorption of a mixture 
IS less than the rates of absorption of its components when fed alone (5) 
K racemic alamne is a compound, rather than a mixture as has been sug- 
gested foi some ammo acids, notably cyslme (10), its absorption coefficient 
might be charactenstic and the same as or different from those of the 
component optically active isomers It would be of interest to feed 
amounts of a racemic ammo acid such that a considerable amount of 
unabsorbed acid would remam m the gut after a penod of absorption and 
to determine whether the residual material is racemic {z e , both isomers 
have been absorbed to the same extent) or shows some optical activity 
(z e , one isomer has been absorbed more rapidly than the other) 

The data warrant a brief discussion of the influence of chemical structure 
on the rate of absorption, as far as concerns the anuno denvatives of 
propiomc acid When the ammo group is more remote from the carboxyl 
group as m jS-alamne or isoserme, the absorption coefficient is decreased 
m comparison with that of the corresponding a-amino acid, alanine or 
senne When a second substituent group, in this case a hydroxyl group, 
IS also present in the molecule, the late of absorption is also decreased, as 
IS evident by a comparison of the absorption coefficients of alanine and 
serme and of /^-alanine and isoserme The difference between the last pair 
of amino acids is the most marked of our series 
The values obtamed m this senes cannot be compared directly with the 
absorption coefficients obtained by other workers The conditions of the 
experiments are so variable (age, weight, sex, period of absorption, etc ) 
as to make any comparisons of httle value Moreover, as showm previously 
(4, 8), the rate of absorption is different when the same ammo acid is fed 
eithei as the free anuno acid or as the sodium or potassium salt The dif- 
ferent solubihty of the ammo acids may also be important In the present 
senes, the solubihty of the acids fed can hardly be a sigmficant factor, 
except possibly m the case of isoserme, the most poorly absorbed of those 
studied here 

SUMMARY 

1 The rates of absorption of certam a mm o derivatives of propionic acid 
from the gastromtestmal tract of young white rats by the techmque of 
Con have been detenmned The acids studied may be arranged m the 
followmg descendmg order of absorption coefficients Z-alanine and d- 
alamne (essentially the same), dZ-senne, d-alanme, i^-alanine, and dU 
isoserme Statistical analysis has shown that, except m the case of dl- and 

' Z-alanme, the differences are sigmficant 

2 A comparison of the rates of absorption of a-alanme and ^-alanme 
and of serme and isoserme mdicates that, as the ammo group was removed 
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from the carboxyl, the rate of absorption was decreased Similarly the 
replacement of a hydrogen by a hydroxyl group, as shown by a comparison 
of alanine and senne and of j3-alamne and isoserme, resulted m a decreased 
rate of absorption 

3 d-.\Jaume was somewhat less readily absoibed from the gut than was 
its stereoisomer, i-alanine 
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(Received for public Uion, October 31, 1940) 

The proposed method is at least twice as sensitive as Bodansky’s (1) 
stannous chlonde method and about 15 tunes moie sensitive than the 
Fibke-Subbarow (2) method A suitable concentration range for routine 
n ork IS 0 02 to 0 2 mg per htei of phosphoius in the sample-ieagent mix- 
ture 

The method is based on the color change of a dye (qumaldine led) solu- 
tion, presumably due to the formation of an insoluble dye-phosphomofyb- 
date complex which remams m suspension 

The determinations can be made \suth about 1 per cent precision The 
dnft (change m color mtensity with tune) is much smallei than m the Fiske- 
Subbarow method, while the temperature coefficient is shghtly larger 
The reagents keep well, and the readmgs of phosphate standards change 
little from day to day 

On the othei hand, the pH^adjustments must be more accurate than m 
the Fiske-Subbarow method 

Good agieement with the amidol-molybdenum blue method has been 
obtamed m the analysis of calcified tissues and serum filtrates (see Table I) 

Reagents and Chemical Procedure 

Glassware and Us Use — The glassware, except foi the coloiimetei tubes, 
was of Pyrex The water was punfied by single distillation through a 
tin condenser and stored m glass-stoppered Pyrex vessels 

Quinaldme led solutions foimed a coatmg m the burettes which often 
interfered with proper drainage The coatmg was readily removed with 
detergents, for mstance wth 50 per cent solution of Aerosol IB (obtamed 
from the Amencan Cyanamid Company, New York) 

The reaction vessels and coloiimetei tubes were imsed with concentrated 
H 2 SO 4 after use Photometei cells with fused on vindows were nnsed 
quickly with 50 to 75 pei cent H 2 SO 4 , immediately after uith water, and 
left filled with water foi half an houi m older to soak the acid out of the 
]omts The use of cemented cells is not recommended 

Preparahon of Samples for Analysis — The calcified tissues were dissolved 
in 1 N HCl (0 8 ml was taken for 3 mg of enamel or ashed tissue and for 
4 mg of dentm or bone) To each 3 mg of the dissolved enamel or ash 
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and 4 mg of the dentin or bone were added 6 75 ml of 10 n H2SO4, plus 
water to make 1 liter Any undissolved residue was allowed to settle, 
and the samples (containing 0 4 to 0 5 mg per liter of phosphorus) were 
withdrawn from the top 

The blood sera were deproteimzed mth 9 volumes of 0 55 n CCI3COOH, 
and the filtrates were diluted ten times with water The 0 55 n (approxi- 
mately 10 per cent) acid was prepared from the 20 per cent solution by 
titrating the latter and dilutmg accordingly 
Phosphate Staiidards for Calcified Tissue Analysts — Stock phosphate 
(100 mg of P per liter) contamed 0 4390 gm of KH2PO4 and 10 ml of 10 

Table I 

Quinaldine Red Method Checked against Molybdenum Blue Method 
The difference shown is between the quinaldine red and molybdenum blue values, 
expressed in per cent of the molybdenum blue value 


Description of sample 

Phosphorus content 

Difference 

Qumaldme 
red method 

Molybdenum 
blue method 


per cent 

per cent 


Mixed dental tissue, ashed before dissolving 


13 94 1 

+0 9 

Alkaline ash of dentin cementum mixture 

16 15 ! 

15 91 

+1 4 

Dental enamel, defatted, dried 

17 45 

17 37 

+0 5 

Dentin, dried 

12 77 1 

12 57 

+1 6 

Bone, fresh (outer part of calf fibula) 

' 10 66 

10 81 

-1 4 

(( (c it tt It ({ (( 

10 45 

10 45 

0 

Human serum 

0 00382 

0 00381 

+0 3 

it (C 

0 00320 

0 00319 

-fO 3 

it it 

0 00400 

0 00396 

+0 9 

Horse 

1 0 00339 

0 00337 

4-0 8 

it it 

' 0 00300 

0 00304 

-1 3 

Eabbit “ 

i 0 00446 

0 00444 

4*0 4 


N H2SO4 per hter Standards contaimng 0 3 and 0 5 mg of P per hter were 
prepared from stock plus 7 ml of 10 n H2SO4 per liter 

Phosphate Standards for Serum — ^For standards contammg 0 2 and 0 4 
mg of P per hter, the requisite amount of stock phosphate {cf above) 
plus 90 ml of 0 55 N CCI3COOH plus 0 5 gm of anhydrous Na2C03 was 
made up to 1 hter 

Quinaldine Red-Gum Arabic Solution — To 50 mg of qumaldine led and 
25 mg of gum arable were added 500 ml of water, and the flask placed on 
the steam bath foi 1 hour, with Stirling at 10 mmute intervals (The dye 
should dissolve within 40 minutes ) Aiter being cooled immediately under 
the faucet, the solution was decanted into a glass-stoppered Pyrex bottle 
The bottle was kept out of direct sunhght 
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Qumildine red (2-p-dimethylammostyrylqiunoline ethiodide) supplied 
by the Eastni ui Kodak Company was satisfactory Several preparations, 
according to Koemg and Tieichel (3), gave slightly higher melting pomts 
but no maiked dilTerence when used m the reagent solution 
Gum arable was of the best commercial grade C‘U S P select, lumps,'' 
J T Bakci 's pea size , and Pemck's 'hvhite tears" proved to be satisfactory) 
Clear and nearly colorless lumps, free from enclosures, were selected and 
powdeied A S P ponder" prepaiation was tned, but double the 
1101 mal blank reading was obtained 

The reagent is usable for at least 3 to 5 weeks, depenchng upon the con- 
centration range m \Yhich the measurements are made (see Table II) 

Table II 

Exiinciton Coeffictenis for 0 to Mg of PhoB’phorus per Liter 
k 13 the extinction, coefficient (average of three replicates) A is the percentage 
deviation from proportionality between k and the phosphorus concentration (0 1 mg 
per liter taken as the reference) 


Description of dye solution 

Values 

of 

] 

Solution I, 1 day old, 23“ j 


Ik 

“ “ 17 days old, 23° 

1 

1 

ik 

“ II, 1 day old, 24° 

1 

( 


“ ** 7 days old, 24° 

i 

h 

III, 39 days old, 23° 

] 

k 


For phosphorus concentration in mg per liter 

0 

0 02 

0 04 

0 10 

0 20 

0 0072 

0 0440 

0 0870 

0 2136 

0 4470 


+3 0 

4-1 8 

0 

4-4 6 

0 0079 

0 0413 

0 0797 

0 2015 

0 4168 


+2 6 

-1 1 

0 

4-3 4 

0 0073 

0 0440 

0 0821 

0 2094 

0 4258 


4-5 0 ' 

-2 0 

0 

1 4-1 7 

0 0084 

0 0419! 

0 0814 

0 2085 

; 0 4264 


4-0 1 

-2 3 

0 

4-2 2 

0 0122 

1 0 0387 

1 0 0769 

0 2170 

0 4377 


, -10 8 

1 -11 4 

0 

4-0 8 


Perhaps the best penod is 1 to 3 weeks aftei the preparation, when the daily 
change is shght 

Molybdate-Sulfate — To 250 ml of 10 N H2SO4 were added 8 85 gm of 
ammomum molybdate (81 4 per cent of M0O3) and the solution was made 
up to 1 liter 

No effects of aging weie noticed, except on the temperatuie coefficient 
of color development 


Procedure 

2 volumes of the sample (or standard) and 2 volumes of the dye solution 
were measured into a dry or well dramed vessel and mixed 1 volume of 
the molybdate-sulfate was added next from a transfei pipette and with 
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continuous stiirmg, the solution being dischaiged against the wall of the 
vessel The mixture was allowed to stand for 10 minutes before reading 



450 500 550 600 650 


WAVEL E NOTH (mu) 

Fig 1 Extinction curves of the solutions and the light filter The plotted ex 
tinction values of the solutions are extinction coefficients multiplied by 4 0 e ex 
tmctions of 4 cm deep solution layer) The dashed curves are those of a reagent 
blank and a 0 1 mg per liter sample, read in a Coleman spectrophotometer model H 
(band width 35 m/x) The dotted curves represent extinctions of a 0 1 rag per liter 
sample and of the filter (N^o KS 54) used in the colorimetric readings, calculated from 
transmittance curves traced in a Hardy spectrophotometer (band width 10 m/x) 
at the Electrical Testing Laboratories, New York According to the manufacturer 
(IHett Manufacturing Company, New York), the transmission maximum of a No 
KS 51 filter is near 540 m/x 

The volume of the dye solution was read to 1 per cent (cf p 452) 

The rate of the molybdate addition and mixmg influenced the coloi de- 
velopment The outflow time of the transfer pipette should therefore be 
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\t Ic ist 10 bccomlb, ukI the unknowns and slandaids should be piepared in 
smnkii \es*^cls (r/ p 152) 

The time of outflow of Pyic\ pipettes usually had to be mcieased, m 
ordei to meet the abo\e icquucrrents, by bunging the pipette tip to a led 
glow^ m the gas 11 mu and, if shiunk too fai , gunding the end on a carbomn- 
dum stone 

of Color Inlensili/ 

Absoiption cuivcs of the process samples and of the filter used m the 
colonmctnc readings iie given in Fig 1 

Alost of the colonmetiic leadings icpoited in this papei weie made in a 
Lumetron colonmetei Xo 402-E (Photovolt Coipoiation, Xew^ Yoik) 

Table III 

Estimates of Precision 

P — the phosphorus concentration m the color mixture, v = the volume of the 
mixture, t = the time of outflow of the molybdate , n = the number of the replicates, 
V = the coefficient of variation 


Procedure 

P 

7 

t 

n 


Samples mixed in. beakers , 3 readings 

Ptri 

0 08 1 

ml 

25 

see 

60 

12 i 

per cent 

0 25 

each, IB 2 cm deep Pyrex cell 

As above, with 2 matched cells, 2 read- 

1 

0 08 : 

25 

1 

60 1 

1 

12 : 

0 45 

ings each 

Samples mixed and read in 14 5 mm 

0 2 

5 

j 

37 

10 

i 0 50 

tube , 2 readings each 

As above, but 3 readings each 

0 04 

i 

5 

57 

10 

0 95 


5 ml volumes w^ere mixed and read in 14 5 mm tubes, satisfactory pre- 
cision was obtained down to 0 04 mg of P per hter (see Table III) More 
dilute samples and reagent blanks w^ere read m 2 to 5 cm deep Pyrex cells 
With the Klett-Summerson coloiimeter, the piecision of the readings was 
limited by the null-point sensitivity The sensitivity was increased 
by using filteis of greatei ovei-all tiansmission, foi mstance Wiatten No 
61 (4) Shghtly lowei readings of the blank and phosphate samples were 
obtained with the lattei than with the filter showm in Fig 1 

Eshmaies of Precision and Sources of Enor 

Drift and Temperatuie Coefficient — The extmction readings obtamed 10 
minutes aftei mixing, as well as the subsequent drift (mcrease wath time), 
varied measurably with the temperature Estimates of these effects, ob- 
tamed with samples of 0 1 mg of P per hter and averaged for three tempera- 
ture intervals, follow 
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Temperature, 


20-25 

25-30 

30-35 

Dnft between 10 and 20 min 

after mixing, % 

0 65 

0 5 

0 35 

Temperature coefficient of 
reading), % per degree 

extinction (10 min 

0 7 

0 6 

0 4 


Smaller dnft than the above (0 4 pei cent at 25°) and shghtly lover 
temperature coefficient vere observ^'ed vith 5 week-old qumaldme red 
solutions 

Double the abo\e temperature coefficient, vhich approached the normal 
m a V eek, \\ as observ^ed v hen freshly piepaied molybdate-sulfate v as used 
Dye Solution Varied in Amount — ^As noted before, the qmnaldme led 
solution did not diam A^erj^ veil The observed enoi m volume vas not 
more than 1 pei cent of the amount measured In order to estimate its 
importance, the \ olume of the d> e solution v as vaned (1 9 and 2 1 instead 
of 2 0 ml ) and the resultmg change m extmction detenmned 


Per cent change m amount of dj e 

Per cent change in extinction 

P=0 04mg per liter 

P = 0 2 mg per liter 

-5 

+0 7 

+0 7 

+5 

+0 2 

+0 5 


It appears from these results that the probable effect of the dramage 
error on the extmction is of the order of 0 1 pei cent 

Molybdate Solution Varied m Amount — A senes of color mixtures vas 
prepared m w^hich the volume of the molybdate-sulfate A\as mci eased bv 
2 6 pel cent (fiom 1 007 to 1 033 ml ) The resultmg average decrease in 
extmction v as 1 6 per cent for the mixtures contammg 0 04 mg of P per 
hter and 1 3 per cent for the mixtures contammg 0 2 mg of P per hter 
The use of a transfer pipette is specified in the proceduie and the obsenTd 
vanation m the volume dehvered from a 1 ml pipette was not over 0 3 per 
cent From the above results, the effect of such vaiiation on the extmc- 
tion is estimated at 0 1 to 0 2 per cent 

Rate of Molybdate Addition — ^The extmction readmgs mcieased ivith the 
time of outfiov of the molybdate-sulfate (Table IV) , the mciease v as small 
after the latter reached 1 minute The follovung results vere obtamed 
with 1 ml pipettes of varjong time of outflow 

It appears from the above that changmg the time of outflow from 50 to 
51 seconds v ould increase the extmction readmg b}^ about 0 1 per cent 
Estimates of Precision — ^The colonmetnc readmg was subject to instru- 
mental and other errors vhose estimated total vas betveen 0 5 and 1 peJ* 
cent, dependmg upon the color mtensity and on the absorption vessel 
In general, these errors appeared to be at least as large as the chemical 
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enou Foul of the c\pcnmeutal estimates of precision aie given in Table 
III In m iking the first one, the absoiption cell and details of the pioce- 
dure wcic chosen itli a view to muMmum accuiacy of the extinction mea- 
sincments The thud and fomth estimates aie examples of the leproduci- 
biht}’’ possible in a senes of lapid analyses pei formed in colorimeter tubes 

Plio^phaie ConccnhatwJi Limits, Aging of Dye Solnhon — More than a 
dozen quinaldine xed solutions \sere piepared and tested, mostlj'* m the 
1 inge of 0 I to 0 2 mg of phosphoius per htei The extinction coefficients 
obtained with thice of the solutions (wffiich contained gum arable fiom the 
same source) over 1 0 to 0 2 mg per htei lange are shown m Table II The 
\dlucs obtained with the othei solutions aie m geneial agieement with 
those m Table II 

Calibration curves plotted fiom the abo\e data depait measuiably fiom 


Tvblb IV 

Effect of Rate of Molybdate Addition 


Outflow lime mcrcascd 

j Per cent increase in e’ttmction 

P = 0 0-i mg per liter 

P — 0 2 mg per liter 

sec 

From 15 to 22 

a 4 

6 1 

“ 22 37 

9 5 

' 7 7 

“ 37 “ 57 

0 8 

i 2 2 

“ 57 “ 150 1 

3 4 

4 3 


the straight line The deviations aie increased by subtiactmg the reagent 
blanks from the k values in Table II 

The extinction coefficients declined, while the leagent blanks showed a 
definite increase, on aging of the dye solution The daily change m the 
age interval of 1 to 3 weeks was too small to affect the leproducibihty of 
readings extending over several hours After 3 weeks, the downwaid trend 
in extinction readings of phosphorus concentrations below 0 1 mg per liter 
became more rapid, and the values of A (cf Table II) generally too large 
foi accurate work 

The aging of the dye solution was thought to result fiom gradual de- 
struction of the gum axabic Other protectors were tried, and a more 
stable solution w^as obtained with Tween 20 (p 457), which aftei 3 months 
gave approximately the same calibration curve as a week-old qumaldme 
red-gum arable solution 

The limitations of apparatus as W'^ell as chemical sources of eiroi (de- 
viations from piopoitionahty, reagent blank) fix the lower phosphorus 
concentration limit at 0 02 mg per hter Foi the upper limit, system- 
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MCROHETHOD FOR PHOSPHATE 


Temperature, '’C 

20-25 

25-30 

30-35 

Dnft bet’freen 10 and 20 mm after mixing, % 
Temperature coefficient of extinction. (10 mm 

0 65 

0 5 

0 35 

reading), % per degree 

0 7 

0 6 

0 4 


Smallei drift than the above (0 4 pei cent at 25°) and slightly lower 
tempeiature coefficient weie observed with 5 week-old qumaldine red 
solutions 

Double the abo\e temperatuie coefficient, which approached the normal 
m a week, was obseived when freshly piepaied molybdate-sulfate was used 
Dye Solution Varied tn A?nount — As noted befoie, the qumaldine led 
solution did not diam veiy w^ell The observed enor m volume w^as not 
more than 1 pei cent of the amount measured In order to estimate its 
impoitance, the volume of the dye solution w^as vaned (1 9 and 2 1 instead 
of 2 0 ml ) and the lesultmg change in evtinction detenmned 


Per cent change m amount of d> e 

Per cent change in extinction 

P=*0 0lmg per liter 

P =» 0 2mg per liter 

-5 

-f 0 7 

+0 7 

+5 

+0 2 

+0 5 


It appears from these results that the probable effect of the drainage 
error on the e\tmction is of the order of 0 1 pei cent 
Molybdate Solxdion Vaned in Amount — senes of color imxtuies was 
prepared in which the volume of the molybdate-sulfate was mci eased by 
2 6 pel cent (fiom 1 007 to 1 033 ml ) The resultmg average decrease in 
e\tmction w^as 1 6 per cent foi the mixtures contaimng 0 04 mg of P 
liter and 1 3 per cent for the mixtures containing 0 2 mg of P per hter 
The use of a transfer pipette is specified m the proceduie and the observed 
vaiiation in the volume delivered from a 1 ml pipette was not over 0 3 per 
cent From the above results, the effect of such vanation on the extinc- 
tion IS estimated at 0 1 to 0 2 per cent 
Rate of Molybdate Addition — ^The extinction readmgs mcieased inth the 
time of outflow of the molybdate-sulfate (Table IV) , the mciease w’^as smafi 
after the latter reached 1 minute The foUowung results were obtained 
w^th 1 ml pipettes of x^arying time of outflow 
It appears fiom the above that changmg the tmie of outflow' fiom 50 to 
51 seconds would mcrease the extinction leadmg by about 0 1 pei cent 
Eshmates of Piecision — The colorimetnc readmg was subject to instru- 
mental and other eirors whose estimated total w'as between 0 5 and 1 
cent, depending upon the coloi mtensity and on the absorption vesse 
In general, these errors appeared to be at least as large as the chemica 
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(htion il stabilizer) or the pll of the leaction mixture, but the reagent blanks 
uerc aKo mcicased thereby 

Vsule fiom higher sensitivity, the method presented m this paper com- 
p ucd f 01 ably m ith Bodansky^s and similai methods, m that the readings 
and the reagents were more stable The useful life of the dye solution has 
been extended by substituting 2 ml of 1 per cent aqueous solution of Tween 
20 (poh oxvalkylcne derivative of sorbitan monolaurate, obtained from the 
Vtlas Po\\der Company) for the gum arable m its preparation After 3 
months, the blank shoi\ed only slight increase {k — 0 008), while the values 
of 4 foi 0 02 and 0 2 mg per liter were 0 043 and 0 451 respectively (com- 
pare \Mth the values in Table II) 

It has not 3 et been ascertained how much Tween 20 vanes m its solubiliz- 
ing pow cr, and the amount specified above may require modification mth 
some batches of the Tween Excess of the solubihzei is indicated by in- 
creased upward drifts m the extinction readings, while slight downward 
drifts usually are observed ivith msufficient solubihzer 
The mam drawbacks of the qumaldme red method are, from the wnter’s 
viewpoint, the relatively large effects of pH and some mterfenng sub- 
stances They limit the present use of the method to serum filtrates and 
to solutions m which phosphate is one of the mam dissolved constituents 
The means of reducing the above effects are being studied 

SUMl^IARY 

A sensitive method is described for the colorimetric determination of 
inorganic phosphate m calcified tissues and serum filtrates over the con- 
centration range of 0 02 to 0 2 mg of P per liter m the sample-reagent mix- 
ture 
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STUDIES ON BODY COMPOSITION 

IV USE OF R^UDIOACTIVE HYDROGEN FOR MEASUREiMENT 
IN VIVO OF TOTAL BODY WATER* 

NELLO PACE,t LEO KLINE, HOWARD K SCHACHiVIAN, 

\\D MORTON HVRFENIST 

(from the Naial Medical Research Instituief Betkesdaf Maryland) 

(Received for publication, January 7, 1947) 

The total water content of the human has been estimated occasionally 
by the desiccation of cadavers (1) , however, an tn vivo method for the deter- 
mmation of total body water is desirable and preferable m many appli- 
cations Total body water has been demonstrated to be a relatively 
constant fraction, mean 73 2 per cent, of the fat-free body mass m normal 
adults of various species of mammals, and it has been suggested (2) that 
total body water of the normal, adult human may be estimated from 
measurement zn vivo of total body fat by the specific gravity method and 
computation of the fat-free body mass (3, 4) This procedure is rather 
limited m usefulness, however, as aberrations m water balance cannot be 
detected The bulk of the research has been directed toward finding a 
readily recognizable chemical entity which, when mtroduced mto the body, 
wiU distribute itself equally in the total body water Sulfanilamide was 
proposed (5, 6), but later rejected (7) because of unequal distribution m 
body tissues Urea has been suggested (6, 8), but was rejected (9, 10) 
because of the variability m the formation of endogenous urea as well as 
unequal distribution Thiourea has been tried (ll)bbut rejected (12, 13) 
because of its unequal distribution Potassium also was considered (14, 
15), but later was demonstrated (16, 17) to be distributed m the body po- 
tassium rather than m the body water Methods mvolvmg the differen- 
tial solubility of mert gases m body fat and water have been consid- 
ered theoretically (18), but have not been verified e\penmen tally 

It is of interest that the fiist substance to be used for the measurement 
in vtvo of total body water should have been the most successful Hevesy 
and Hofer (19) m a short note desenbed the use of deuteiium oxide for this 
measurement m man m 1934 Smee that tune the technique has been uti- 

*The opinions and conclusions contained herein are those of the authors, and are 
not to be construed as necessarily reflecting the views or the endorsement of the 
Navy Department 

t Present address, Donner Laboratory of Medical Physics, Um\ersit> of Cali- 
fornia, Berkeley, California 

1 Purple, M R , and Lavietes, P H , unpublished data quoted in (9) 
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an rmse aud rcevacuation to 0 3 micron This proceduie was employed 
after eich activity measurement 

The actual activity of a given HTO solution was determined by making 
duplicate counts on at least four separate fillings of the counter tube 
contamiug different pressures of watei vapoi The water vapor pressures 
were corrected to 0°, aud a plot was made of the obseiwed cps against 
the corrected pressure The slope of the best line through these data, 
mcluding the mean backgiouud value of 3 6 c p s , was determmed by the 
method of least squares, and represents the cps per mm of Hg of water 
vapor, corrected for background A sample determmation is illustrated 
by Table I The standard erior of estimate for all activity values obtamed 


Table I 

Sample Method for Delenmnaiion of Activity of HTO Solution Measured at Various 

Water Vapor Pressures 


Vapor pressure (\) 

Secoad 20,000 counts 

Thud 20 000 counts 

Mean activity (7) 

mm Us 

cps 

cps 

c 




3 6 


25 2 

26 5 

25 8 


33 8 

34 1 

1 34 0 

0 97 

56 6 

57 5 

57 0 

1 07 

1 60 9 

60 7 

60 8 


Y = 3 85 + 54 2X (method of least squares) ar ^ =t:0 59 c p s 


by this method m the present experiments ranged from ±11 per cent to 
±5 8 per cent of the slope value, and the mean standard error was ±3 7 
per cent Because the volume of the counter tube was constant, values 
of activity expressed m this fashion are directly pi oportional to the con- 
centration of HTO m the water sample bemg measuied, and may be used 
as such without further conveision The long half life of tritium, 31 years 
(26), elimmated the need for ^ decay correction dunng the course of the 
experiments 


EXPERIISIENTAL 

Approximately 1 rill of tiitiated water was prepared fiom a beiylhum 
target, 19X19X0 08 cm , which had received 20 hours of bombard- 
ment in a 25 m e V deuteron beam A 1 1000 dilution of the sample was 
foimd to have an activity of 15 3 cps per mm Assuming a countmg 
efficiency of at least 70 per cent from the geometry of the system, this 
activity corresponds to an absolute value of approximately 2 X 10^ c p s 
per ml of the origmal sample 
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BODY COiMPOSlTION IV 


A standard solution of HTO was piepared with, an activity of 5-12 
c p s per mm (Table I) Dilutions of 1 2 and 1 10 of the standaid 
with mactive water also were prepared, and the activity of each was 
measured In Fig 3 the activity is plotted agamst the lelative HTO 
concentration expressed as a fi action of the concentiation of the standard 
solution The straight Ime lelationship is taken as evidence of the validity 
of the method ovei the count range shoim It was found that the lineant} 
fell off when samples possessmg an activity highei than 60 c p s were 
employed Foi this reason highly active samples were measured by 



RELATIVE CONCENTRATION OF HTO 

Fig 3 Relationship of counts observed to the relative concentration of HTO 
in inactive water The activity of the three solutions m as measured by malung counts 
in each case on at least five separate fillings of the counter tube containing different 
pressures of w^ater vapor, and talang the slope value of these five points as the actn it> 
of the solution 

aliquot dilution to a suitable range The deviation fiom a stiaight line 
also occurred vhen water vapor piessure in excess of 2 to 3 mm of Hg 
was used in the counter tube 

A stock solution prepared fiom anothei target was found, by aliqnol' 
dilution, to contam 2128 c p s per mm Two adult male rabbits 
fasted, with dimking watei ad hlziuin, for 24 horns' preceding the exTO^^ 
ment Rabbit A leceived 5 09 ml of the stock solution fiom a cahbrate 
syrmge directly mto the blood stream by an eai vem at the rate oil ^ 
per 15 seconds Blood samples weie withdrawn by heart puncture m 
centrifuge tubes containmg heparm at mtervals of 21, 68, and 132 minu 
foUowmg the mjection The plasma was separated and stored in the froze 
state for subsequent activity measurement Rabbit B received 1 9o m 
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of the stock solution, and blood samples weie withdra^vn at intervals of 
33 and 61 minutes m like manner 

As shown in Table II, calculations were made of the total body water 
content, follon mg the measurement of the plasma tritium activity The 
smiple formula, Ai X Vi = Ao X T 2 , was used foi this purpose Ai 
IS the activit}’* of tritium, expiessed as c p s per mm , m the stock solution, 
Fi 13 the volume in ml of the stock solution injected, Az is the activity 
of tritium in a body fluid, e g , plasma or urme, after equilibrium has been 
established, and Vz^ the volume m ml of body water Vz may be convert- 
ed to umts of weight by multiplymg by the density of water at 38°, 0 993, 
and may then be expressed as a fraction of the total body weight Total 
body weight of the rabbits was taken as the depilated weight 

Total body water was also estimated on the basis of a constant fraction, 
73 2 per cent, of the lean body mass, after measurement of the total body 


Tabes II 

AclivUij of Stock Solutions of HTO Injected into Rabbits and Human Subjects 


Stock soluEou 
employed 

Pilutioa 1 

factor j 

HTO activity 
measured 

HTO activity 
of stock 

Volume 1 

injected 

Total HTO 
mjected 



c per mm 

c p s per mm 

ml 

cp s 

RS (Rabbit A) 

312 5 

6 81 

2,128 

5 09 


“ ( “ B) 

312 6 

6 81 

2,128 

1 96 

\ 4,171 

ES (human) 

1 5000 


30,400 

5 09 

154,736 


fat by the body specific gravity method (2) Specific gravities of 1 040 
and 1 047 of the eviscerated caicasses were obtamed for Rabbits A and B, 
respectively These correspond to fat contents of 29 1 and 25 3 per cent 
of the total body weight The total body water estimates by this method 
are shown m Table III 

Fmally, total body water of the rabbits was measured by the weight 
change during desiccation The two animals were dissected mto small 
pieces, care being taken to avoid tissue loss in the process, and placed in 
flat pans The tissue was dried m a hot air blast oven at 90° foi 13 days, 
and weighed at intervals durmg this period After 7 days, weight loss 
occurred at a very slow constant rate, mcreasmg from the 7th to the 13th 
day by less than 1 per cent of the total weight loss, consequently, the 
weight loss after 7 days of diying was arbitrarily assumed to represent 
the total body water Total body watei estimates by this procedure 
are mcluded m Table III 

A stock solution of HTO of high specific activity uas piepared from 
a beryllium target which had received more than 100 hours of bombard- 
ment After removal of an ahquot for activity measurement, 5 09 ml 
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of the solution were introduced in the antecubital vein of a 19 year-old 
normal male human subject, 184 cm tall and weighmg 70 78 kilos At 
mtervals of 30 mmutes and 1, 2, and 3 hours, blood samples were withdraw 
from the antecubital vein and the plasma was stored for tntium activity 
measuiement Total body water content was calculated from these meas- 
urements, and the results are given in Table III The body specific 
gravity of the subject was found to be 1 077, correspondmg to 11 0 per 
cent total body fat Total body water content calculated from these data 
IS also given m Table III 


Table III 


Estimation of Total Body Water hy Various Methods in Rahhii and Human 


Subject 

• 

Method 

Time after 
HTO mjection 

Plasma 

HTO 

activity 

Total 

body 

weight 

Total 

body 

fat 

ToUl 

body 

water 




mtn 

C pJ 
per mm 

kg 

per 

cent 

per 

cent 

Rabbit A 

Desiccation 




3 502 


55 5 


Sp gr 




3 502 

29 1 



HTO dilution 

0 

21 

5 80 

3 502 




tt tt 

0 

58 

5 37 

3 502 


57 2 


li tt 

2 

12 

5 64 

3 502 


54 5 

Rabbit B 

Desiccation 




2 881 


55 9 


Sp gr 




2 881 

25 3 

54 7 


HTO dilution 

0 

33 

2 42 

2 881 


59 4 


Cl (( 

1 

1 

2 51 

2 881 


57 3 

Human 

Sp gr 




70 78 

11 0 

65 2 


HTO dilution 

i 0 

30 

3 02 

: 70 78 


71 9 


tt tt 

1 

00 

: 3 49 

70 78 


62 2 


tt It 

2 

' 00 

3 21 

70 78 


67 6 


tt tt 

3 

00 

3 40 

70 78 


64 3 


1 






— ^ — 


DISCUSSION 

From the data m Table III it appears that tritiated water may be used 
for the estimation of total body water withm 10 per cent of the true value, 
an error comparable ivith that m the deuterium oxide method Much 
of the error is probably attributable to the uncertamty m the measurement 
of activities of | to 2 times background value, which was unavoidable m 
the present mstance The anticipated availability of tiitiated water of 
higher specific activity and improvements m the technique of measure- 
ment of tritium activity may be expected to lessen the error considerably 
The time foi the bulk of the HTO to reach equihbnum with the body 
water m man after mtravenous mjection is apparently close to 1 
This agrees well with the tune for equilibration of D 2 O found by Moore 
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(22), and inay be coinpaied with the value of hours found by Hevesy 
and Ilofcr (19) when D^O was taken by mouth Equilibration tune was 
apparently shorter m the case of the labbits, and is estimated to be not 
over 30 m mutes Fle\nei et al (21) found that equilibrium m the gumea 
pig, following mjection of D 2 O, was practically completely established 
m 10 to 12 mmutes It would appear then that the rate of equilibiation 
m the various mammals is related to body size 

The value for total body water of the human subject, by HTO dilution 
and by takmg the mean of the 1, 2, and 3 hour determmations (Table III), 
was 64 7 per cent of the body weight The total body water value cah 
culated as 73 2 pei cent of the lean body mass of this subject w^as found 
to be 65 2 per cent of the total body w^eight, thus providmg further sub- 
stantiation for the concept of the relative constancy of the water content 
of the lean body mass of the normal adult mammals (2) For their sub- 
ject, Hevesy and Hofer (19) found a value of 63 per cent for total body 
water, which is hkewise m accord with generally accepted values On 
the other hand, Moore (22) obtained a relatively high value of 72 5 per 
cent for the total body water of his subject who, although apparently 
quite lean, did not appear abnormally lean from the height and weight 
data given A somewhat high value of total body water of 67 85 pei cent 
was also leported by Mitchell et al (1) on a cadaver whose w^ater content 
was measured by desiccation 

It will bear reiteration that variation m body fat content is sufficiently 
large to cause appreciable differences m the values of other body compo- 
nents when these are referred to total body weight For example, the body 
water content may vary from 50 per cent m obese mdividuals to 70 per 
cent of the total body weight m lean individuals, and yet the w^ater content 
may be a constant fraction of the fat-free body mass For this reason, 
measurements of total body water should be accompanied by an estimate 
of total body fat whenever a comparison of values for individuals is made 

Appreciation is expressed to the follo^vlng for assistance m the course 
of this w^ork, which was thereby materially aided Mi D B Cowie and 
the cyclotron crew^ of the Department of Terrestrial Magnetism, Carne- 
gie Institution of Washmgton, for pi 0 vision of the tritium and many 
valuable suggestions on technique, Lieutenant M Eicher, H(S), U SNR, 
of this Institute for construction of the countmg circuit, and Mr A D 
Mack for considerable assistance m the design and construction of the 
vacuum systems 

sumiARX 

1 Methods are described foi the preparation of water containing the 
radioactive isotope of hydrogen, tntium, and for the determination of 
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tntium activity in the form of water vapor from tntiated water and body 
fluids 

2 Total body water was estimated m two rabbits and a human by dilu- 
tion of tntiated water admmistered mtravenously The results agreed 
well m the case of the rabbits ivith the water content determmed by des- 
iccation of the carcasses, and the water content calculated as 73 2 per 
cent of the lean body mass after measurement of total body fat by the 
specific gravity technique In the case of the human, very good agree- 
ment was also obtamed between the results from the tntium dilution 
method and the body specific gravity method 

3 Less than 30 minutes were required for essentially complete distri- 
bution of the tntiated water m the body water of the rabbits, and approxi- 
mately 1 hour for the human Consideration of these data and those of 
other mvestigators with deutenum oxide mdicates a relationship between 
body size and rate of equihbration 

4 The tritium method at present appears to yield results with an accu- 
racy as good as that obtammg by the use of deutenum, and greater accuracy 
is expected with improvements m techmque and the forthcoming availa- 
bihty of tntium of higher specific activity 
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METABOLISM OF STEROIDS BY TISSUES 

I DETERMINATION OF TESTOSTERONE AND RELATED STEROIDS 
IN TISSUE EXTRACTS* 

LEO T SAMUELS 

{I'TOin the Department of Btochemislry, University of Utah School of Medicine, 

Salt Lake City) 

(Received for publication, December 4, 1946) 

Since the steroid hormones are foinied in, act upon, and aie metabohzed 
by animal tissues, methods by ^vhlch these compounds could be deternimed 
in tissue e\tiacts would enable the mvestigatoi to study their metabolism 
By the method of piepaiation of tissue extiacts to be described, testosterone, 
androsterone, and other neutial keto steroids can be recoveied quanti- 
tativel}'' in sufficient purity to enable various coloiimetnc and spectro- 
photometi ic methods to be applied In oui laboratoiy the method has been 
particulaily applied to tissues incubated with added hoimone, and the 
description of procedure is based on such a preparation By suitable 
modification of the piehmmaiy proceduie, the method has been applied to 
blood and pei fusing fluids The thiee essential steps are (a) the lemoval 
of most of the protein, (b) chromatogi aphic adsorption, (c) distribution 
betw een immiscible soh ents 

Method 

The method as finally developed is as follows The minced tissue m 
the incubating fluid is boiled under a reflux for 20 minutes to destroy all 
enzymic action and to coagulate protein The flask contaming the mixture 
is cooled in a cold watei bath while still attached to the condenser, and the 
condenser is washed down with a small amount of ethanol This is 
followed by a laigei amount of ethyl ethei When the volume of the 
ongmal mixtuie is 25 cc , 2 cc of ethanol and 15 cc of ethei have proved 
satisfactory 

The aqueous layer is now thoi oughly extracted mth ethei The ordmaiy 
contmuous liquid extractors have not proved satisfactory'' because the tissue 
mass IS not broken up Instead we have used a discontmuous method 
The aqueous-ethei mixture is poured quantitatively into a centrifuge tube, 
the capacity of which is at least 3 times the volume of the original aqueous 
suspension For the 25 cc portions already mentioned 80 to 100 cc centri- 
fuge tubes are suitable The ethei, tissue, and water aie then thoroughly 

* This work was supported by grants from Ciba Pharmaceutical Products, Inc , 
Summit, New Jersey, and from the Rockefeller Foundation 
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mixed together a stirrmg motor or by a rapid up and down motion of a 
stirrer for 2 nunutes 

After stirrmg, the tubes are centrifuged to break the emulsion, and the 
ether laj^er is blown off mto an Erlenmeyer flask w'lth a ground glass joint 
The extraction is then repeated four additional times 

The combmed ether extracts are evaporated to drjness m the giass- 
jomted flask To the residue 20 cc of redistilled pentane (Skell>^olve A) 
are now added and the flask is stoppered with a glass stopper and allowed to 
stand 4 hours at room temperature or overnight m the refngerator This 
standmg is important, as the hormones have only a low solubihty m pentane 
and dissoh e slowly 

A chromatographic column is now prepared with Baker and Adamson’s 
aluminum oxide, reagent grade igmted Alerck’s aluminum oxide, accord- 
ing to Brockmann, is too retentive The column of aluminum oxide is 10 
mm m diameter and 50 mm long It is packed by gentle tapping while 
bemg filled A small plug of Commg glass wool is used at the bottom 
of the column 

The following solutions are then passed through the column and collected 
as mdicated, care bemg taken not to let any air enter the column between 
fractions 10 cc of pentane, 20 cc of pentane solution of sample, 30 cc 
of pentane, 15 cc of 10 per cent CHCI3 m pentane, 75 cc of 25 per cent 
CHCI3 m pentane, 50 cc of CHCI3, collected as the discard, Fraction A, 
Fraction A, Fraction B, Fraction C, Fraction D, respectively Fraction 
C contains the hormones mentioned, but Fractions B and D are usually 
checked if an} new tissue or hormone is being studied or a new batch of 
alummum oxide is being tested 

Fraction C is now evaporated to dr^mess, redissolved, and nnsed into a 
separatory funnel with 20 cc of pentane or petroleum ether and 20 cc of 70 
per cent ethanol m water The two layers are shaken together and the 
alcohol layer is drawn off and sa\ ed The pentane layer is agam extracted 
with 15 cc of 70 per cent ethanol and the ethanol layer combmed with the 
pre^uous portion (1) The pentane is now discarded 

The combmed 70 per cent ethanol layers are now transferred to a 
separatory funnel, 15 cc of water are added, and the solution extracted with 
three 15 cc portions of CHCI3 The chloroform extract is then evaporated 
to dryness This step can be ehmmated if it is more convenient to e^apo- 
rate the70 per cent ethanol solution to dryness at 50° under a vacuum The 
ethanol and water cannot be evaporated on the steam bath at atmosphenc 
pressure, however, wnthout loss of some testosterone 

The matenal so prepared usually is colorless and semi-crystallme l 
can be dissolved m ethanol or other suitable solvent and used m metho^ 
mvolvmg concentrated sulfuric acid such as the Koemg and Samuels 
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method for testosterone, or, with strong base, as m the modified Zimmer- 
mann reaction (3) It will also give good curves m the ultraviolet 
region of the spectrum 

DISCUSSION 

The over-all recoveries with hormone plus boiled tissue are given m 
Tables I and II The tissues were minced and washed mto a 125 cc 
Erlenmej’er flask m which the hormone was dissolved m 0 15 cc of ethanol 


Table I 

Recoicnj of Various Steroids from Liver Extracts* 


Steroid 

Amount 

added 

Amount 
recovered 
(ultraviolet) t 

Amount 

recovered 

(colorimctnc) 


1 

y 

y 

Testosterono ■ 

200 

202 

201t 


200 

195 

21Gt 

11 i 

400 

386 


<1 

400 

385 


II 

400 

402 

402t 

11 

400 

i 398 

404 

Methyltestosterone 

200 

197 


Progesterone 

I 200 

212 


II 

200 

197 


11 

400 

395 


Testosterone diethylammoethyl carbonate 
hydrochloride 

300 

289 

269f 

Mixture of testosterone 

200 

199 

197f 

androsterone 

400 


367 § 


* Enzymic action of the tissue suspension was stopped by boiling immediately 
after the introduction of the steroid 

t Based on the absorption band at 238 mii, due to a./S-unsaturated ketone De- 
termination made on a Beckman spectrophotometer 

J Determined by the colorimetric reaction of Koenig et al (2) 

§ Determined by the Callow modification of the Zimmermann reaction (3) 

Usually 25 cc of Locke’s solution were used to tv ash m the tissue The 
mixture was then brought to a boil to stop enzymic action on the hormone 
The extraction was earned out as described 
The greatest problem m applying steroid reactions to tissue extracts is 
that the other hpides also give colors with the strong reagents used, or 
absorb in the ultraviolet spectrum Unsaturated aliphatic compounds are 
particularly bad Neither partition between 70 per cent ethanol and 
pentane nor chromatography alone yielded sufficiently pure extracts, but a 
combmation of the two was effective 
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The sequence must be chiomatography, followed by pai tition, lather than 
vice versa Attempts to reverse the order always resulted m significant 
amounts of interfermg hpides The chromatographic column appaiently 
removes some substance which affects the partition, eithei this or a certain 
amount of lipide matenal is held in the column, even when the total fat 
IS lowered by carrying out the partition fiist, and this is always washed 
through in subsequent fi actions 

Obviously in usmg any new steroid its distribution in the chromatographic 
eluates must be determined before the method is apphed The fractions 
desciibed are sufficiently coarse to yield testosterone, androsterone, pio- 


Table II 

Recoiery of Added Testosterone from Extracts of Tissue Boiled in Lockers Solution^ 
Estimation by Koenig Colorimetric Method 


1 

Tissue 

Weight , 

Amount recovered 
(200 y added) 

Recovered 



gm 


per 

cent 

Rabbit liver 

1 

15 

1 

200 

100 

0 

ti 

ft 

1 

17 

210 

105 

0 

a 

uterus 

0 

71 

192 

96 

0 

fi 

ft 

0 

92 

215 

107 

5 

Mouse tumor 

0 

705 

196 

98 

0 

if 

ft 

0 

610 

144 

’ 72 

0 

If 

ff 

0 

626 

210 

105 

0 

ft 

liver 

0 

510 

188 

1 94 

0 

ft 

ft 

0 

420 

192 

96 

0 

ft 

ff 

0 

506 

206 

' 103 

0 

Rat liver 

1 

47 

184 

1 92 

0 

ft 

f f 

1 

28 

187 

! 93 

5 

ft 

ft 

1 

14 

201 

1 100 

5 

tf 

ft 

0 

825 

187 

! 93 

5 


gesterone, and similai compounds in the 25 per cent chloiofoim fi action 
Other steroids may come out in the other fractions, however One may 
wash to fractionate the steioids further on the column This can be done 
by using smaller mciements of chloroform The procedure used here was 
best adapted for our particular studies, but a wide range of variations m 
this step may be used 


S0AI2UARY 

A method of extraction has been described wheieby steroid hormones 
may be isolated from tissues m sufficient purity to peimit the apphcation 
of various steroid reactions mvolvmg strong reagents The basis of the 
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method IS i chiomatogiaphic sepaiation followed by paitition between 70 
pci cent ethanol ind pentane oi petioleum ethei Recoveiies are Avithin 
the limits of eiioi of the techniques of estimation used 
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IMETiVBOLISM OF STEROIDS BY TISSUES 

II THE ENZYMIC DESTRUCTION OP TESTOSTERONE 
BY LIVER TISSUE* 
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The mechanisms whereby testosterone is inactivated in tissues have been 
the subject of considerable speculation, but little direct infoimation has 
been obtained Advantage was taken of a method of isolation of steroids 
from tissue extracts Cl) together with a relatively specific color reaction 
(2) and ultraviolet absorption to study the reaction of liver mince vnth 
testosterone 

Biskmd (3) has demonstrated by implantation experiments that testos- 
terone is mactivated by the liver In rats suffermg from a deficiency of 
the vitamin B complex, the livers \\ere still able to destroy this hormone 
but not estrogen (4) Danby C5) reported that male hormone added to 
blood largely disappeared dunng perfusion through dog livers or cow 
kidneys She did not observe any destruction when testosterone, andros- 
terone, or dehydroandrosterone was incubated wuth liver or kidney pulp 
in vitro Here agam the destruction of testosterone appears to differ from 
that of estrogens, Zondek (6) reported that even dned powders and cell-free 
extracts of liver destroyed the latter Thus the evidence for enzvmic 
destruction of the androgens is definitely less satisfactory than for the 
estrogens In the case of the androgenic hormones the evidence has been 
based on biological assay and cannot be mterpreted chemically 

EXPERIIMENTAL 

Animals which furnished the tissue for these studies were decapitated 
wth a heavy sharp knife and allowed to bleed freely The tissues were 
then removed and quickly nunced with an mstrument made up of a series 
of safety razor blades separated by 0 20 mm dividers Samples of human 
liver were obtamed by biopsy during abdommal operations and were minced 
as soon as possible thereafter The mmced tissue was weighed immediately 
and washed mto a flask with the buffer solution to be used The composi- 
tion of the buffer solution was as follows KCl 0 0056 m, MgCb 0 0021 m, 
NaCl 0 08 M, NajHPOi + NaH 2 P 04 buffer, pH 7 4, 0 04 m, glucose 0 1 
per cent 

♦ This work was supported by grants from Ciba Pharmaceutical Products, Inc , 
Summit, New Jersey, and from the Rockefeller Foundation 
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If an inhibitor was used, an equivalent amount of sodium chloride was 
eliminated The solutions veie adjusted to pH 7 3 to 7 4 
After the mmee was washed in, the flask was immediately closed with a 
glass stoppei and placed in a revolving agitatoi mthin a constant temper- 
ature bath at 38 5° 5 minutes were allowed for the tissue suspension to 

come to tempeiatuie equilibiium, mcubation time being computed as 
beginning after this mteival At the end of the incubation the solution 
m the flask vas quickly brought to a boil and lefluxed foi 20 minutes 
The proceduie already described (1) was then used foi e\ti acting the tissues 
The final lesidue was dissolved in 2 00 cc of absolute ethanol foi analysis 
For deteimmation of testosteione, 0 4 cc of the alcohol solution was 
used The procedure vas that described by Koenig et al (2) mth the 
following modification a heating time of 6 minutes at 70° was substituted 
for the first 2 minutes of heating at the temperature of boiling water 
To measuie 17-ketosteioids, the Zimmeimann leaction ^^as earned out 
on 0 2 cc of the alcoholic solution by the method of Callow (7) 

The ultraviolet absorption spectium was detei mined m absolute ethanol 
with the Beckman spectiophotometei Ordinal ily 0 4 cc of the alcoholic 
solution was used with 3 cc of ethanol The absoiptionbandat238m/i 
due to the o:,/?“Unsatuiated ketonic gioup was used for the determination 
To deteimine whethei conjugation was the major route of inactivation, 
two hydiolytic pioceduies were used at diffeient times To some of the 
eaily samples 6 cc of concentrated hydrochloric acid weie added before 
lefluxmg for 20 minutes The extraction was then earned out fiom the 2 3 
N acid solution 

In a later experiment all samples were ex ti acted by the legulai procedure 
To the aqueous suspensions after extinction, however, eithei sulfuric acid 
was added to a concentration of 1 4 N or sodium hydroxide to 0 1 n The 
solutions were then allowed to stand at loom temperature for 16 hours 
and reexti acted This exti act was then cai ned through the usual anabdical 
procedure 

Results 

Effects of Diffeieyit Tissues — ^The results of the aeiobic incubation of 
testosterone with imnced hver tissue from foui diffeient species (rat, 
rabbit, mouse, and human) aie given m Table I The rate of desti action 
varied between different livers, but the lange was about the same among 
the different species The animals used veie all adults and appaiently in 
good health The rats and nuce had been on a diet of Purina fox chow for 
at least 1 month, but their ages varied 
Recoveries from rabbit uteius, rat pi estate and seminal vesicle, andmouse 
mammary carcinoma are also tabulated m Table II These tissues did not 
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change the testosterone molecule sufficiently to be measurable by the 
methods used 


Table I 

Rate of Destruction of Testosterone by Individual Livers of Different Speeies 


7 per gm per hr 


Rat 

blouse 

Rabbit 

Human 

157 

160 

171 

222 (M ) 

121 

221 

184 

236 (40 yrs , M ) 

175 

127 

194 

109 (45 “ “ ) 

140 

159 


97 (34 “ “ ) 

116 

102 


125 (34 “ F ) 

218 

297 



203 ' 

194 



311 





Table II 


Testosterone Not Significantly Destroyed by Tissues of Secondary Sex Organs 


Tissue 

Condition 

Weight 

Testosterone 

added 

Testosterone 

recovered 

(Koenig 

method) 

Recove ed 

Rabbit Uterus 1 

K (( \ 

if it \ 

II II 2 

II II 2 

II 11 2 

II II 2 

Rat prostate 

II II 

seminal vesicle 

II II |< 

Mouse mammary tumor 

II II 

II II 

Living 

II 

Boiled 

Living 

It 

Boiled 

II 

Living 

II 

II 

It 

II 

II 

Boiled 

gm 

0 735 
a 460 

0 410 

0 44 

1 41 

0 71 

0 92 

0 225 

0 165 

0 510 

0 570 

0 626 

0 893 

0 705 

mg 

0 200 

0 200 

0 200 

0 200 

0 200 

0 200 

0 200 

0 300 

0 300 

0 300 

0 300 

0 200 

0 200 

0 200 

1 1 

mg 

0 192 

0 190 

0 202 

0 194 

0 197 

0 192 

0 215 

0 293 

0 292 

0 275 

0 301 

0 210 

0 204 

0 196 

per cent 

96 0 

95 0 

101 0 

97 0 

98 5 

96 0 

107 5 

97 7 

97 3 

91 7 

100 3 

105 0 

102 0 

98 0 


The Zimmermann reaction was run on all the samples and was negative 


Evtdmce ./ Cha.acle, of KMd«»-Tbe reacto between Uver 

mmee and teatoeterone was found to depend on an o-ndatoeen^e system 

Table III .llusttates the comparative effect of vanons inhibitors An 
atmosphere of nitrogen, the presence of 0 01 1 . cyamde 0 05 it 
0 05 M Suoride. or it/15 malonate all partially inhibited the leaction, as 
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measured by both anal 3 dical methods Boilmg for as httle as 30 seconds 
inhibited the reaction completely The reaction therefore depends on an 
energy-^neldmg oMdati\e system apparently mvohnng metals, sulfhydryl 
enzymes, and some portion of the Elrebs c^^cle 

T^^le III 

Effect oj Enzyme Inhibitors on Ability of Liter to Destroy Testosterone 


0 200 mg of testosterone was added to eacli sample incubated 


Liver 

Inlilbitor 

Testosterone 

rcco'^cred 

Testosterone 

destroyed 

InhibiUon 


1 


P^r zm per or 

per uni 

Rabbit (4)* 

None 

0 05S 

0 190 

0 



(0 050-0 066) 

(0 176-0 21S) 


" (2) 

Boiled 

0 207 

0 

100 



(0 195-0 21S) 



“ (2) 

0 05 M lodoacetate i 

0 166 

0 058 

69 


j 

(0 164M) 167) 

(0 056-0 060) 


“ (3) 

None 

0 06S 

0 184 

0 



(0 053-0 0S2) 

(0 164-0 211) 


“ (3) 

Boiled 

0 205 

0 

100 

1 


(0 202-0 20S) 



“ (1) 

0 01 M KaCX 

0 149 

0 084 

54 

“ (2) 

None 

0 02S 

0 169 ! 

0 



(0 024-0 031) 

(0 162-0 ISO) 


» (2) 

Boiled 

0 205 

0 

100 



(0 200-0 210) 



“ (3) 

0 01 KCN 

0 0S9 

0 081 

53 



(0 OSl-0 097) 

(0 072-0 087) 


Rat (3) 

None 

0 140 

0 083 

0 



(0 130-0 14S) 

(0 074-0 093) 


“ (1) 

Boiled 

0 200 

0 

100 

“ (3) 

Nj 

0 ISl 

0 026 

69 



(0 160-0 193) 

i (0 012-0 042) 


“ (3) 

0 05 NaF 

0 163 

1 0 051 

39 

1 

1 


(0 156-0 176) 

1 (0 043-0 064) 


" (3) 

m/15 Xa malonate 

0 170 

j 0 042 

49 



(0 157-0 17S) 

I (0 037-0 052) 

. 


* The numbers in parentheses indicate the number of samples incubated 


As illustrated m Table IV, attempts to prepare an actu e suspension m 
which cellular organization was largely destro^^ed were unsuccessful 
Dismtegration of the tissue m the Wanng blendor led to mactivation, e\en 
though earned out at O^-S® and meubated subsequently’' with all phases 
present 

Evidence against Conjugation — ^To determine whether a compound was 
formed similar to androsterone sulfate isolated from human male urme by 
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jMunson, Galhgher, and Koch (8) or sodium pregnanediol glucuromdate, 
isolated fiom normal and pregnant nomen^s mine by Venning and Browne 
(9), hydrolytic procedures were earned out 
Wlicn hydrolysis was earned out on the crude matenal immediately after 
incubation, there ^^as a loss from all samples, recovery fiom tissue boiled 
before enzyme action could take place was 62 5 to 68 per cent of the 
hormone added Appaiently the compound was paitially destroyed by 


Table IV * 


Effect of Disintegration in Waring Blcndor on Ahihtij of Liver Tissue to Destroy 

Testosterone 






' Testosterone recovered 










Testos 

terone 

de- 

stroyed 


Liver 

Weight 

Treatment 

Testos 

teroue 

added 

Koenig 

Ultra 

violet 

absorp- 

tion 

spectrum 

Aver^ 

age 

Inbibi 

tion 




r?JC 

mg 

mg 

mg 

mg per 
gm per 
hr 

per cent 

Rabbit 

1 056 

Waring blendor, 

0 200 

0 156 

0 155 

0 156 

0 042] 




5°, under Nj 






78 3 

u 

1 056 

it ti 

0 200 


0 160 


0 038] 


** boiled 


it it 

0 200 


0 204 



100 

<t 

0 650 

Alince 

0 200 

0 044 

0 082 

0 063 

0 211] 


it 


it 

0 200 

0 054 

0 070 

0 062 

|0 177} 

0 

ti 

0 940 

it 

0 200 

0 038 

0 053 

0 045 

0 164] 


* boiled 

0 775 

it 

0 200 

0 201 

0 204 

0 202 


100 

ti a 1 

0 740 

it 

0 200 

! 0 234 

1 0 208 

0 221 


100 

Rat i 


Waring blendor 

0 300 

0 302 



i \ 

100 

it 



jO 300 

1 0 309 



/ 

it 

0 740 

A'lince 

0 300 

' 0 092 


1 

0 281 

0 

it 


Waring blendor, 

0 300 

0 212 



0 07tf 


it 

1 25 

5“ 

a it 

i 

p 300 

0 224 



0 061 j 

74 1 

it 

0 313 

a it 

0 300 

0 272 



0 089 



boihng in the highly acid medium m the presence of tissue The dif- 
ference between hvmg tissues and those boiled before incubation still re- 
mamed, however, the average recovery from hvmg tissues bemg only 26 
to 42 per cent of added hormone, dependmg on the amount of tissue used 
The evidence, therefore, indicates that conjugation alone probably did not 
account for the destruction 

To avoid the destruction of unchanged testosterone by the acid medium, 
a second procedure was adopted The regular exti action was carried out, 
and the aqueous layer, mcludmg the suspended tissue, was then hydrolyzed 
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With weak acid or weak base This solution was then extracted and 
analyzed by the regulai procedure No testosterone, no Q:,i3-unsaturated 
ketones, and no 17-ketosteroids weie lecovered 

It seems highly improbable, therefore, that the disappearance of testos- 
terone, as measured by these methods, is the result of conjugation either 
with detoxifying groups or with piotems 

DISCUSSION 

It seems apparent from the data piesented that the destruction of 
testosterone in hvei tissue is an enzyonic senes of reactions mvolvmg 
oxidation Whether the direct reaction involving testosterone is oxidative 
cannot be decided m such a complex system Unfoitunately, so far iie 
have been unable to cany out the leaction m simple systems such as those 
used by Graubard and Pincus (10) or Westerfeld (11) with estiogens The 
former workers were unable to mactivate testosterone with laccase under 
conditions w^hich were effective for estrone 
The reaction may mvolve a coupled oxidation-i eduction, considermg the 
ease with w^hich the o;,/9-unsaturated ketomc group is reduced, this w^ould 
seem most probable Anothei possibiUty^’ is that Rmg A may be split by 
oxidation, yieldmg dicarboxylic acids Cei tamly it seems unhkely that the 
hormone is oxidized to any stable, mtermediate state which would mvolve 
additional double bonds oi carbonyl groups, otherwise, one would expect 
absorption bands m the 220 to 350 m^ region 

The disappeaiance of the band at 238 mpt, as w^ellas thedecieasemthe 
coloiimetiic reaction, rules out A*‘-androstenedione-3,17 or cts-testosterone 
as the final pioducts of the enzymic change, since these would give both 
leactions Neithei is androsteione nor any other 17-ketosteioid the stable 
end-product, smce the Zimmermaim reaction was negative It seems 
unhkely, therefore, that the major pathw^ay of testosterone metabohsm m 
the livei of the i at, mouse, oi rabbit mvolves the androstenedione-andros- 
teione, etiocholanolone loute postulated by many workeis from the 
urinary excretion products following testosteione admmistration (12) 
Smce androsterone is a sigmficant excretion product when large doses of 
testosterone aie given to rats or rabbits, it may be that this compound 
lepiesents a metabolic pathw ay m these animals which is foUow^ed w^hen the 
capacity of the normal system is exceeded The other possibihty is that 
androsterone is formed m some other organ 
Recently Szego and Robeits (13) mtroduced evidence that the major 
portion of the circulatmg estrogen was present as a hpoprotem complex 
Smce they could not obtam estrogenic effects on the uterus of the evisce^ 
ated rat (14), they have suggested that the combination of estrogens wi 
protem might take place m the hvei and that this complex wms the effective 
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ngciit They found that the compound was easily split by partial hydrolysis 
w ith 0 1 N NaOH or 1 pei cent (1 4 n) H 2 SO 4 Smce similar treatment of the 
piotem residues ^\lth these reagents did not release any compounds of the 
aj/S-unsatuiated ketonic type nor any 17-ketosteroids, it does not seem 
likely that this type of combination accounts for the disappearance of 
testostcione measured m these expeiiments Such a compound, howevei, 
may also be formed and broken down agam to testosteione during the 
analytical piocedure 


SUMMARY 

1 With chemical methods of analysis it has been shoi\n that the hveis 
of the rat, mouse, labbit, and human destioy testosterone Rabbit uteius, 
rat pi estate and seminal vesicle, and mouse mammaiy tumoi tissue had 
no significant effect 

2 The destine tion was inhibited by boiling, cyanide, lodoacetate, 
fluoride, malonate,and an atmosphere of nitrogen The leaction appears to 
be an oxidative enzymic one mvolvmg metals, sulfhydiyl enzymes, and the 
Krebs cycle Inhibition w^as not complete, except by boilmg, and the 
h 3 ^pothesis was mtioduced that the usual oxidative systems form some 
substrate which is directly utilized m the leaction with testosteione 

3 No evidence was found that conjugation w^as a majoi factor Smce 
the absorption band at 238 m^x decreased as the color leaction dimimshed, 
it appears that the Q:,/3-unsaturated ketonic linkage was destroyed Since 
no new bands appeared in the region of 220 to 350 mpi, carbonyl gioups seem 
to have been destroyed No evidence of the formation of 17-ketosteioids 
was found 
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One of the mostducct methods of studying the metabolism of such closely 
related ammo acids as phenylalanine and tyrosine is to estimate the ammo 
acid contents of the animal caicass at the stait of the e\periment, calculate 
the intakes from feed consumption data, and determme the ammo acids 
present at the end of the experiment By the use of proper diets, infor- 
mation can thus be obtained concerning the extent of conversion of one 
ammo acid into another and the efficiency of utihzation of ammo acids xmder 
various dietary regimes 

The present report is concerned with the determination of the phenyl- 
alanme, tyrosine, and nitrogen contents of chick carcasses at various 
stages of growth and with certam changes which occur as egg protem is 
transformed into chick protem 

The data on the amino acid contents of entue animals are sparse and 
variable Block and Bolhng (1) found 3 5 to 4 3 per cent phenylalanme and 
2 9to3 6 per cent tyrosme m the crude protem (N X 6 25) of entire rats, age 
had no effect on the ammo acid content Albanese (2) found 4 8 per cent 
phenylalanme m the crude protein of mature rats Calvery (3) studied 
the changes m the tyrosme content of the egg durmg mcubation, and found 
that the tyrosine content of embryo protem decreases vnih age, while that 
m the yolk and white remains constant Munks et al (4) found 5 8 per 
cent phenylalanme and 4 8 per cent tyrosme m the protem of whole eggs 

In the present study, the method of hydiolysis of the whole chick had to 
be suitable for phenylalanme, tyrosme, and nitrogen analyses, hence, acid 
hydrolysis was used m order to destroy tryptophane, which is said to mter- 
fere with the analyses for tyiosme and phenylalanme 6 N sulfuric acid 
was used instead of 6 n hydrochloric acid, because the high level of 
chloride mterferes with the Mill on color reaction for tyrosme Before the 
chick carcasses could be analyzed, it was found necessaiy to develop certam 
modifications of the ongmal Kapeller-Adler and Millon methods for 
determinmg phenylalanme and tyrosme, respectively'’ 

Kapeller-Adler Method for Determining Phenylalanine^Uhe ongmal 
method (5) has been studied and modified by Block et al (6, 1), by Brown 
(7), by Albanese (2), and by Hess and Sulhvan (8) In applymg the method 

* This inveatigation was aided by a grant from the Nutrition Foundation, Inc 
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of Albanese (2), it was found that introduction of the ahquots directly into 
50 ml volumetric flasks eliminated transfei from evaporatmg dishes, and 
made it possible to dry a large numbei of flasks simultaneously Since 
more intense coloi was obtamed when flasks were used (rather than evapo- 
lating dishes), the sensitivity was mcreased (Fig 1, lower curves) The 
diffeiences in the transmittance curves reflect the shght color differences 
obtained vuth the two methods, the violet tmge of the original color was 
leplaced by a reddish brown Albanese, who used a photoelectric color- 



Eig 1 Transmittance curves of the color produced by 3 mg each of phenylalanine 
tyrosine, and histidine, according to the modified Kapeller-Adler method described 
in the te\t In the two lower curves, a comparison is made between the original 
(evaporating dish) method and the flask method used in the present study The 
histidine and tyrosine colors w ere produced in flasks From these data, X 550 ni/i was 
chosen as the wave length at which readings were made 

imetei to measuie the color, found that, in oidei to eliminate erroneously 
lugh values, tyrosine and histidine had to be destioyed Tyrosine was 
destroyed by KMn04 m acid solution, and histidme was adsoibed when 
the solution was passed through a column of permutit Tiyptophane 
presented no pi oblem, because Albanese used an acid hydrolysate Brown 
( 7 ) used a spectiophotometei, but since he used an alkalme hydiolysate, 
tiyptophane had to be lemoved by precipitation as the mercuiy salt 
Biowm used an aliquot to which no hydioxylamme "was added as a standard, 
instead of a moie repioducible standaid such as water Among the 
modifications which w^eie introduced m the present study to mcrease the 
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Item w wcie i eduction foi 10 minutes at 0°, lapid addition of the base, 
md coloi de\cIopment at room tempeiatuie for 50 to 60 minutes 

The folloumg method uas finally used in all deteiminations (which 
wcie ciiijcd out in tijplicate) >Vn aliquot containing 1 to 4 mg of phenyl- 
ilaninc uas pipetted into a 50 ml volumetiic flask containing a boilmg 
chip 1 to 3 mm in diamctei Ihe flask iias placed m an oven at 110-120'^ 
until the sample uas dij" oi until a thick syiup was obtained, aftei which 
2 ml of a solution of potassium nitiate in concentiated sulfuric acid 
(20 gm plus 300 ml ) nere added, and a small test-tube was mverted over 
the neck of the flask Nitiation n as earned out foi 30 minutes at 110-120° 
Ihe flask uas cooled, 5 ml of uatei were added, the vessel ivas again 
cooled, and 5 ml of a solution contaimng 10 gm ofh 3 ^dio\ylaminehydro- 
chloiideand 20gm of ammonium sulfate pei 100 ml of solution ueie added 
Vftei 10 minutes m an ice bath, 20 ml of 20 per cent sodium hydiOMde 
ueic added lapidlj^ nith effectue agitation The flask was cooled m ice 
watei to loom tempeiatuie, diluted to the maik with w^atei, and allow^ed 
to stand at lOom tempeiatuie foi 50 to 60 minutes, when the coloi w^as 
measured at A 550 with a Coleman (model 11) spectiophotometei 

In addition to the tiansrmttance curves foi phenylalanme, Fig 1 con- 
tains cuives for tyiosine and histidme, the two ammo acids which have 
been zepoited to inteifere with the Kapellei -Adler method At A 550 
mg, the transmittance values obtained with tyiosme and histidme aie very 
high, hence these ammo acids need not be lemoved pnor to analysis 
(Even tij^ptophane has a tiansmittance value of 98 pei cent at A 550 mg, 
and so it would not inteifere if alkahne hydiolysates weie used) The 
straight line ob tamed w^hen the tiansmittance was plotted against the con- 
centration on semilogarithmic papex attested to the adheience to Beei^s 
law 

In the analysis of chick carcass hydrolysates, it was found that decolori- 
zation by charcoal without pnor neutrahzation xemoved large amounts 
of ammo acids Smee neutiahzation w^as not required, all determinations 
were made without decolouration 

Modified Milton Method fo) Tyi osine — The f ollomng method is essentially 
the same as that used by Folm and Marenzi (9), modified by Block and 
Boilmg (1) Duplicate aliquots of a protem hydiolysate containing 0 5 
to 1 0 mg of t 3 aosme weie pipetted into tubes marked at 40 ml , 20 ml of 
meicuiic sulfate leagent^ weie added, and the tubes w'^eie placed m boilmg 
w'ater foi 10 mmutes After being cooled to 30°, 1 ml of 0 8 per cent 
sodium nitiite w^as added, w^ater was added to the mark, and the solution 

^ 75 gm of mercuric sulfate are dissolved in a mixture of 150 ml of concentrated 
sulfuric acid and 500 ml of water and made to 1670 ml with, water 
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Empfy welghf ’ grams 

Fig 2 Individual values of the phenylalanine, tyrosine, and nitrogen contents of 
normal chick carcasses The straight lines were drawn by inspection 


Table II 


Efficiency of Utilization of Protein and Aromatic Ammo Acids by Chick Embryo 


Protein 

Phenylalanine 

gm 

mg 

5 98 

455 

1 60 

111 

4 38 

344 

3 96 

228 

90 

66 


Xyrosme 


Egg 

Yolk sac, hatched chick 
Difference 

Chick carcass minus yolk sac 
Recovery by embryo, % 


rrom tue eggs anaiyzea, cmcKs wouia nave natcnea wmcn wuuiu - - 
about 36 5 gm , instead of 34 gm , the actual weight of the chicks analyzed 
hatched chick weight is about 64 per cent of the original egg weight, according 
data summarized by Needham (II) 
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mateiial (10) wlwih luib not been metabolized and should not, therefore, 
be included in the efhcicnc}’* calculations Fiom Table II, where the 
cfFicicncy d ita c ikulatcd in this aie summaiized, it is apparent that 
theie is no net intei change of phenyl ilanine and tyiosme during embryonic 
development and that the ammo acid lecoveiy is lower than that observed 
with total ciude protein Tliese high efficiencies of utilization of egg ammo 
icids are never appioached by the chick after hatchmg, a 40 per cent 
recovery of feed amino acids m the carcass is fairly high ^ 

SUMaiARY 

The Kapellcr-Adler and Millon methods for the colorimetric deter- 
mmation of phenylalanine and tyrosine, respectively, were modified and 
used to determine the contents of these ammo acids m chicks of various 
ages and in whole, unmeubated eggs 

The logaiithm of the ammo acid or mtrogen contents when plotted 
agamst the logarithm of the empty carcass weight gives a straight Ime from 
hatching to 30 days of age 

Approximately 65 pei cent of the phenylalamne and tyrosme present 
m the egg before incubation is recoverable m the carcass of the hatched 
chick 90 per cent of the ciude protem (N X 6 25) is recoverable 
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2 That the percentages of ammo acids m the yolk protein remain unchanged during 
development uas demonstrated by comparison of analytical results for fresh yolk 
with the data for yolk sac given m Table I All of the four fresh yolks analyzed con- 
tained protem of ammo acid content within the range of the yolk sac values 

3 This feed recovery figure is based on direct data for phenylalamne and tyrosme 
to be published subsequently as well as on published indirect data of feed consump- 
tion and w eight gam 
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Shaffei (1), j\Iyeis and Fine (2), and Hahn and Meyer (3) adduced 
evidence that muscle creatine is the piecuisoi of uiinary cieatmme 
This uas questioned by Chanutm and Kinaid (4) but was conclusively 
proved by Bloch, Schoenheimei , and Rittenbeig (5, 6) by isotope tiacei 
evidence, which also showed that creatinine was the only noimal uimary 
constituent containing any sigmficant amount of body cieatme nitiogen ^ 

Although Bloch, Schoenheimer, and Rittenbeig had settled the issue of the 
relation between creatine and cieatinine, the site and mechanism of cieati- 
nine foimation and the place of phosphocreatine in the piocess weie still 
open questions The cru\ of all three questions is the fact that the amount 
of creatinine noimaJly e\cieted is greater than can be accounted for by the 
spontaneous (^ e , non-enzymatic) rate of dehydiation of cieatme at the 
pH and tempeiatuie of the body Thus Myers and Fine (7) found that 
the creatme m finely giound muscle was transfoimed to cieatmme more 
than 3 times as fast as in pure solutions of creatme Hammett (8) measured 
the velocity constants of the transformation at 38° and pH 6 9 of the 
cieatme in buffeied extracts of rat brain and muscle and in similarly 
buffered solutions of pure creatine The velocity constants in the biam 
suspensions langed from 0 00083 to 0 00148, aveiage 0 00117, in muscle 
0 00091 to 0 00119, average 0 00104, and m creatine solutions 0 00058 
(The tune unit of these constants is 1 hour ) The peicentage of creatme 
converted m 24 houis calculated from these constants Mas, m the biam 
and muscle extracts, 2 8, and in the creatme solution 1 4 

The rate of conversion of creatme to creatmine m vivo is of the same 
order of magnitude as obseived by Hammett m biam and in muscle 
extracts Table I is an assembly of the data obtamed by dnect observa- 
tion on this point ^ 

^ Excretion of creatme and creatmine into the intestine and their degradation 
there were not examined 

2 Included in Table I are data obtamed by Chanutm and Kinard (4), who con- 
cluded that, ^ A statistical analysis of the data obtained m the dog, rat, rabbit, and 
guinea pig indicates an absence of any relationship between creatimne elimination 
and the percentage concentration of muscle creatme ” We have calculated the cor 
relation coefficient, r, and the value of t (the probability coefficient of r), grouping 
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Table I 

Rate of Co7iversion of Creatine to Creatinine in Vivo 


Animal 

A\ erage 

1 total 
creatine 
m body 

A\ erage 
urinary 
creatinine 
in 24 hrs 

Creatme 
coa\ erted to 
creatmme 
in 24 hrs 

Jso 

of 

anunab 

Correla- 
tion co- 
efficient 

r* 

if 

Pt 

BibUo 

graphic 

refer 

cnceNo 


mg 

mg 

per cent 






Dog 

23,020§ 

477 5 

2 41 

7 


6 86 

<0 01 

(4) 

Guinea pig 

1,197§ 

27 5 

2 66 

21 


8 07 

<0 01 

(4) 

Rabbit 

3,188 

67 7 

2 46 

10 


10 72 

<0 01 

(2) 

(( 


150 4 

2 88 

11 

0 349 

1 12 

0 3 

(4) 

Rat 

568§ 

11 4 

2 33 

17 

0 800 

5 6 

<0 01 

(4) 

i< 


13 8 ^ 

1 56 

14 ! 

0 897 

7 04 ' 

<0 01 

(9) 

it 



2 03 ! 

3 




(6) 

a 



2 7011 ' 



1 


(6) 

In Vitro from 



1 06-1 33 1 



j 



creatine 



1 







* Correlation coefficient between the average total body creatine and the aver 


age 24 hour urinary creatinine, r = — where a; and y are deviations of mdi 

vidual values of body creatine and 24 hour urinary creatinine, respectively, from 
their average values for the aeries 



X Probability of obtaining the observed value of r or higher, on the assumption 
that body creatine and urinary creatinine are unrelated 

§ Estimated as follows average concentration of muscle creatine X body weight 
X 0 40 

11 Calculated from the rate of decrease of isotopic mtrogen in urinary creatinine 
and in terminal muscle creatine 

in one series all their data on the four ammals The value of r is 0 787 and of 1 9 37, 
which indicates a very high correlation The statistical treatment of Chanutm 
and Kinard was inadequate in two respects, (1) the> compared the concentration or 
muscle creatine, which \anes little in healthy adult animals with an> one species, 
with the total creatinine elinunation, which is affected greatly by the body weight 
which varies considerably, and (2) the variations within each group of animals o 
the same species were over too small a range for the number of ammals within tne 
group Table I shows that, when the total body creatine and the urinary creatinino 
are compared, their data yield high correlation coefficients, except in the case 
the rabbit in which again the number of ammals was too low for the small range 
variation within the group In the group of rabbits used by Myers and Fine (2) ® 

range of variation was much larger and a high correlation coefficient is obtain 
Kinard et al (9) found later in an independent study on the rat a high correlation ^ 
tween total body creatine and creatimne elimination Any inference in the cone usi 

of Chanutm and Kinard, quoted above, that body creatine is not related to 
creatinine w as disproved conclusively by Bloch and Schoenheimer (5, 6) b> me 
of creatine labeled with isotopic mtrogen 
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The faster rate of conversion of cieatme to cieatmine m the tissues than 
111 puie solutions of creatme suggested that an enzyme might be respon- 
jjible No evidence of such an enzyme has been found in repeated searches 
(3, 7, 8, 10) Hahn and Meyei estimated that creatinine elimination in 
man could be accounted for satisfactorily simply by the spontaneous (^ e 
nomenzymatic) dehydration of creatme m pure solution, but they used too 
high a figuie for the creatine concentration of human muscle m their 
estimate, and they took no account of the fact that most of the cieatme 
in the body is not fiee, but is “bound"' as phosphocreatine Hahn and 
Me^ er's own figure of the rate constant for the spontaneous conversion 
of creatme to creatinine at pH 7 and 38°, /C = 0 000538, corresponds to 
I 3 per cent conversion m 24 hours, which is lower than the rates observed 
in vno (Table I), m tissue extracts (7), and in tissue autolysates (8) 

In view of the conclusive evidence that the rate of creatimne ehmmation 
IS i elated to the amount of body creatme, nearly all of which is m the 
muscles and in the form of phosphocreatme, we investigated the rate of 
creatmine formation m buffered aqueous solutions of phosphocreatme and 
compared it with the rate m similar solutions of ci eatme It w as found that 
creatmine is formed spontaneously much faster from phosphocreatme than 
from creatme The rate fiom phosphoci eatme at pH 7 and 38° is, in 
buffered solutions wathout an enzyme, within the range of rates of trans- 
formation of cieatme to creatimne observed in vivo It is, therefore, 
unnecessary to postulate the mtervention of an enzyme m this piocess 
That possibihty is not excluded, but if there is an enzyme, its activity 
in VIVO IS low 


EXPERIMENTAL 

Phosphocreatme was isolated from rabbit muscle by the method of Fiske 
and Subbarow (11), and synthesized by the method of Zeile and Fawaz 
(12) Both preparations were puiified in the form of the calcium salt 
The same results w^ere obtained with both the natural and synthetic 
preparations 

Cieatme was puiified by the method described by Hunter (13) 

Creatmme was detei mined by the alkaline picrate method We found 
m solutions contaming a large excess of creatme over creatmme that a slow 
intensification of the color occurs after the imtial rapid development The 
slow increase m color is, presumably, a consequence of a slow conversion of 
creatme to creatmme m the alkahne picrate Accordmgly, readmgs were 
taken at intervals and the extrapolated zero time value gave the creatmine 
present befoie the addition of the alkahne piciate As an example of the 
order of magmtude of the extrapolation, the color at the end of an hour 
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coriesponded to 11 5 pei cent more cieatinine than the e\tiapolated zeio 
time ^ alue 

Inoigamc phosphate in the presence of phosphocreatme was determined 
both by the indirect and by the direct precipitation methods of Fiske and 
Subbaron The two methods gave essentially the same hydiolysis con- 
stants of phosphocreatme when the room tempeiatuie at which the deter- 
mination was earned out was not too high ^Ye came to piefer the direct 
method, as the laboiatory tempeiatuie was often above 25°, and the 
solutions weie warmed somewhat during the coloiunetiy Undei these 
conditions the mdiiect method, as Fiske and Subbaiow pointed out, gives 
values of inorganic phosphate (in the piesence of phosphocreatme) nhich 
are too high and inconsistent 

The coloiimetiy of both the cieatimne and of the morgamc phosphate 
was earned out either in a Komg-Maitens (visual) or a Beckman (elec- 
tiical) spectiophotometei 

0 1 iM maleic acid-sodium hydroxide buffeis weie used 
The pieseivative employed, aftei a numbei iveie tiled, was 01 pei 
cent phenol, it did not mteifeie wuth either the creatimne oi phosphate 
deteimmations 


Matheinahcal Analysis 

Three leactions ensue w^hen phosphocieatine is dissolved m approxi- 
mately neutial solution and at tempeiatuies neai to that of the body 

(A) Phosphocreatme inorganic phosphate -h creatinine 

(B) Phosphocreatme ^ inorganic phosphate -f- creatine 

(C) Creatine creatinine 

On the assumption that the three leactions are of the fiist older, and 
with the concentiation of phosphocreatme designated as [PC], of inoiganic 
phosphate as [P], of creatmme as [Cn], and of cieatine as [Cr], the late of 
creatinme formation m leaction (A) is 

(f ), = 

and in leaction (C) 

If the imtial concentiation of phosphocieatine is designated as a, at 
any time dm mg the reaction 

[PCi = a - [PJ 


(-J) 


and 


[Cr] = [P] - ICa] 
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Ihe total cieatmine formed at any time during the leaction 13 , from 
equations (1) and (2), 


J WCn)i + J (rfCn) = [Cn] = J [PC] di + ^- J [Cr] dt 
wliuh may be lewiitten accoiding to equations (3) and (4) 

‘■/ 


ICii] = ^, J (o - IPj) dl + L I (IPl - [Cn]) dl 
If equation (6) 13 leananged, 


[Cii] 


Ai = 


^ ^ J dt — I J 


[P] dt 


at 


-/ 


[P]di 


(5) 


( 6 ) 


(7) 


[Cn] IS the concentiation of cieatinme (total) at time t k 2 was obtamed 
independently fiom buffeied solutions of cieatme J [Cn]c?i was com- 
puted b> giaphical mtegiation of the plot of [Cn] against time To obtain 
/[PI dt the late constant of total inorganic phosphate formation from 

phosphocieatme was determined first, /[PI di was then computed by 

giaphical mtegiation of the plot agamst time of moigamc phosphate hb- 
erated 

For convenience of computation, the initial concentiation of phospho- 
cieatme was set at 100, [Cn] then became the per cent of phosphocieatme 
conveited to cieatinme and [P] the per cent of phosphocreatine hydrolyzed 
lU the sum of reactions (1) and (2) 


Results 

A test of the validity of equation (7) is the constancy of at different 
times duimg the hydrolysis of phosphocieatme at any given pH and 
tempeiature The same test m another form is the agreement between 
observed and calculated values of [Cn] 

The late constants of the spontaneous conveision of creatme to creatmme 
in aqueous solution, k 2 m equation (7), obtamed by diffeient authors and 
ourselves, aie collected m Table 11 The values we obtamed he betiveen 
those calculated from the data of Myeis and Fme (2) and those reported 
by Hammett (8) and by Hahn and Meyer (3) The values at 38® at or 
near the same pH aie m faiily good agreement, this is appreciated better 
when the late constants are expressed as pK values Thus Hahn and 
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phocreatine, gives at 20 5"^ a straight hue from pH 5 4 to 7 0, and at 38® 
a straight line from pH 5 8 to 6 5 and a shallow cuive fiom pH 6 5 to 7 5 
In Table IV the values of p^p interpolated from the curves aie compared 
AYith the observed values at the same pH There is no consistent trend 
of disagreement between the values obtained fiom natural and synthetic 
phosphocieatme and the coi responding interpolated values The two 
piepaiations may be considered as identical by this ciiteiion 


Table III 

Hydrolysis Constants of Liberation of Inorganic Phosphate from Phosphocreatine 

in Buffered Aqueous Solutions 


Temperature 20 S 1 

Temperature, 38® 


Source of 

pH 

Hydrolysis 

Source of 

pH 1 

H>drol>sis 

phosphocreatine 

constant 

phosphocreatine 

constant 

Natural 

5 4 

0 0298* 

! 

Natural I 

5 80 

■M 

tt 

5 8 

0 0109* 

Synthetic | 

6 00 

■■■ 

Synthetic 

6 0 

0 00711 

Natural 

6 43 

1 0 0272 

it 

6 21 

0 00439 

Synthetic 

6 50 

0 0233 

Natural 

6 4 

0 00283* 

<1 

6 70 


Synthetic 

6 5 

0 00290 

Natural 

6 96 


a 

6 55 

0 00252 

Synthetic 

6 96 

0 0103 


6 7 

0 00139 

c< 

7 00 

0 0101 


7 02 

0 00057 

(C 

7 20 





Natural 

7 50 

■iliiH 


* Calculated from Fiske and Subbarow^s value at 22° (11), multiplied by 2 303 
(since their values are for the expression, L = (l/i) log (a/(a — x)) instead of - 
(l/()ln(a/(a — a*)) and modified for the difference in temperature between their and 
our determinations The equation used to obtain the temperature coefficient is 

b ^ ^ f T-T i\ 

2 303-R y T 1 T 2 ) 

where and A. 2 are the velocity constants at temperatures Ti and T2 (on the absolute 
scale) respectively, R is the gas constant (1 9S9), and E is the energy of activation 
E, calculated from interpolated points on smooth curves, of the rate constants 0 
tamed at 20 5° and 38°, is here 23,170 calories When Ti and Ta 20 5° and 
respectively, log = log ^2 — 0 087 

Table V summarizes the data on cieatmme formation m solutions of 
phosphocreatine at different hydrogen ion concentrations The 
concentration of phosphocreatine was, m eveiy case, 1 43 X 
Creatinme foimed, expiessed as equivalent pei cent of mitial phosp 

creatme, was plotted agamst time, and J [Cn] dt was computed graphic 

ally fiom a smooth plot through the experimental pomts lu determimnS 
the plot, gi eater weight was given the pomts at the end of the run 

atthebegmmng j [P]di vas computed by graphical integration of 
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the cune of the hbeiatiori of moigamc phosphate given by the values of 
A p at each pH The values of A p and of fro used weie obtained by mteipola- 
tion of smooth plots of pKp and of pfro against pH 
T-hc calculated values of cieatinme formed were mtei pointed fiom curves 
given b}’’ the calculated values of Ai, which, m every case, weie near to the 
mean of the obseived values of Li The differences between the observed 
and calculated values of creatinme formed are mthm the experimental 
eiioi of the creatinme determination There was no consistent difference 
m this lespect betiieen the natuial and synthetic phosphocreatine By 
this ciiterion, therefoie, as well as by the identity of then frp values, the 
tw o piepaiations behaved the same 

Table IV 


Comparison of Hydrolysis Constants of Liberation of Inorganic Phosphate of Natural 

and Synthetic Phosphocreatine 


Temperature 20 5 

Temperature 38 

Source of 
phosphocreatme 

pH 

pK 

observed 

Inter 
polated 
value on 
smooth 
curve pK 

Source of 
phosphocreatine 

pH 

pK 

observed 

Inter- 
polated 
value on 
smooth 
curve pK 

Natural 

5 4 

1 53* 

1 51 

Natural 

5 80 

0 99 

0 95 

li 

5 8 

1 96* 

1 93 

Synthetic 

6 00 

1 20 

1 18 

Synthetic 

6 0 

2 15 

2 14 

Natural 

6 43 

1 57 

1 59 

It 

6 21 

2 36 

2 36 

Synthetic 

6 50 

1 63 

1 66 

Natural 

6 4 

2 55* 

2 56 

ti 

6 70 

1 83 

1 82 

Synthetic 

6 5 

2 54 

1 2 67 

Natural 

6 96 

2 00 

2 00 

li 

6 55 

2 60 

2 72 

Synthetic 

6 96 

1 99 

2 00 

ti 

6 7 

2 86 

2 87 

ti 

7 00 

2 00 

2 03 

It 

7 02 

3 24 

3 21 

it 

7 20 

2 16 

2 17 



1 


Natural 

7 50 

2 26 

2 33 


y * From Fiske and Subbarow*s data, see the footnote to Table III 


Equation (7) and the numerical value of the rate constant fri are based 
on the hypothesis that phosphocreatme is hydrolyzed m part to creatmine 
and morgamc phosphate and m part to creatme and inorganic phosphate, 
and the creatme thus foimed is mdependently dehydrated to creatmme 
This piocess is formulated m reactions (A), (B), and (C) above It is 
implied that the pievaihng concentrations of creatme and creatinme are 
so far fiom their equilibiium ratio that reactions (A), (B), and (C) may be 
considered as irreversible and of the first ordei 

In this hypothesis the rate of formation of creatmme directly from 
phosphocieatme is 


(14) 
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where [CnJ is the creatinine coming directly from phosphocreatme, Ai is 
the rate constant of that process, a is the initial concentiation of phospho- 
creatine, and [P] the concentration of total morganic phosphate hberated 


T\blb V 

Creatmine from Phosphocreatme at 55®, CreaUinne Expressed As Equivalent Per Cent 

of Initial Phosphocreatme 

Initial concentration of phosphocreatme in every case was 1 43 X 10“^ molah 
corresponding to 18 7 mg per cent of creatine or 16 2 mg per cent of creatinine 
Equation (7) and the values of and ^2 at each pH were used for the calculation 
of (N) designates that natural and (S) that synthetic phosphocreatme was used 


Time 1 

1 

Creatmine 

ki 

Observed per cent 

Calculated per cent 1 

Observed 

Calculated 


pH 6 0, ^p • 

= 0 0634, 1; = 

0 000606 



hrs 

4 2 

1 1 (N) 

1 0 

0 0029 


19 4 

3 4 (S) 

3 4 

0 0026 


24 1 

3 85 (N) 

3 95 



46 9 

6 1 (S) 

5 8 

0 0029 


67 6 * 

7 0“ 

7 1 

0 0026 


71 5 

6 8 (N) 

7 3 

0 0023 


Mean 



0 0026 



pH 6 44, = 0 027, Iz = 0 00051 


19 3 

2 6 (S) 

2 3 


0 0014 

24 2 

3 0 (N) 

2 8 


0 0014 

48 1 

4 7“ 

4 8 


0 0014 

67 5 

6 7 (S) 

6 1 


0 0014 

71 6 

6 4 (N) 

6 4 


0 0014 

92 7 

7 6 (S) ! 

7 5 


0 0014 

0 0014 ' 

95 8 1 

7 3 (N) 1 

7 7 

^^E ^i£^9 

Mean 



0 0015 



pH 6 91, hp = 0 00983, = 0 00045 


20 0 

23 1 

44 4 

47 0 

69 0 

70 8 

91 3 

94 9 

119 0 

2 3 (S) 

1 9 (N) 

4 3 (S) 

3 8 (N) 

5 4 (S) 

5 6 (N) 

7 1 (S) 

7 7 (N) 

9 2 (S) 

2 0 

2 3 

4 2 

4 4 

6 1 

6 2 

7 6 

7 8 

9 3 

0 00123 

0 00087 

0 00110 

0 00091 

0 00093 

0 00094 

0 00097 

0 00103 

0 00104 

0 00106 

0 00106 

0 00107 

0 00107 

0 00107 

0 00106 

0 00106 

0 00105 

0 00103 

Mean 

0 00100 
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Table V— Concluded 



Creatinine 


Tunc 






Observed per cent 

Calculated per cent 

Observed 

Calculated 


pH 7 21, 

= 0 00686, Li = 

= 0 00043 


hrs 





20 1 

2 65 (S) 

2 3 



41 4 

5 1 

4 9 



68 9 

6 6 

7 1 

0 0011 


91 3 

8 8 

8 9 

0 0012 


119 1 

11 0 “ 

11 1 

0 0012 


Mean 

0 0012 

0 0012 


pH 7 50 , 

= 0 00550,1.: = 

0 00041 


23 2 

2 35 (N) 

2 45 

0 0011 

0 0011 

47 0 

4 8“ 

4 8 

0 0011 

0 0011 

71 5 

6 95 

7 0 

0 0011 

0 0011 

95 0 

9 0 

9 0 

0 0011 

0 0011 

Mean 

1 0 0011 

0 0011 


The same numerical result as fiom equations (7) and (14) is obtamed on 
the hypothesis that phosphocreatme in solution consists of two forms 
which aie always in equilibrium mth each other One form, oi, gives rise 
on hydiolysis to creatinine and morganic phosphate, the other, aa, to 
creatme and inorganic phosphate Equation (14) is modified to 

J dlCnil = J ([ai] - IPil) dt (15) 

which the expeiimental data showed to be equal to 

J dlCn.] = J aid - [P]) dt (16) 

where a is the fraction of the total phosphocreatme m the form of ai 
From equations (14) and (16) 

ki = kfia (17) 

a can be evaluated from the values of k\ and of k\ at any one time m the 
course of the reaction, or by solving for ai in equation (15) at two different 
tunes during the reaction Both methods gave the same value of a, which 
was constant, at any one pH, durmg the whole tune (up to 120 hours) 
that the reaction was followed a varied with pH, it was 0 042, 0 051, 
0 104, 0 173, and 0 200 at pH values of 6 0, 6 44, 6 91, 7 21, and 7 50 respec- 
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tively On the hypothesis as defined above, of two forms of phospho- 
creatine, ai and ao, in equihbrium the vaiiation of a with pH mdicates 
that h^^diogen ion enters into the equilibiium 
The fact that, at any given pH, a is constant thioughout the course of 
the leaction excludes the possibility that the phosphocreatine we used uas 
a mixtuie, ^ c that ai and 02 were not in equihbimm If that were the 
case, smce A '2 (the late constant foi the hydrolysis of phosphocreatine to 
creatine and inorgamc phosphate) is laigei than A'l, a would have vaiied 
throughout the reaction The experimental data show^ed that this w^as 
not the case 

The possibihty that the phosphocreatine w e used w^as a mixture is ev 
eluded also by the follow mg additional evidence If it w^eie a mixture, 

Table VI 

Rate Co7ista7its (iTiterpolated) at 38° of Ltheration of l7iorgantc Phosphate from 
Phosphocreaiiiiej of Creaiimne Directly from PhosphocreatinCj and of Creatinine 
from Creatine over pH Range 6 0 to 7 5 


pH 

h ! 



ki 

h 

6 0 

0 063 

0 0026 

0 060 

0 0026 

0 00061 

6 5 

0 022 

0 0014 

0 021 

0 0014 

0 00050 

7 0 

0 0092 

0 0011 

0 0081 

0 0011 

0 00014 

7 5 

0 0055 

0 0011 

0 0044 

0 0011 

0 00011 


Ap = the rate constant of liberation of total inorganic phosphate 

= Ai = the rate constants of liberation of creatinine directly from phospto 
creatine and of the accompanying inorgamc phosphate in that reaction alone 
Apb = Ap — = the rate constant of liberation of inorgamc phosphate accom 

pan3 mg the liberation of creatine from phosphocreatine 
• As = the rate constant of conversion of creatine to creatinine 

we might expect the pioportions of ai and Uo to be different m different 
prepaiations of natuial and s^mthetic phosphocieatme, and accordingly 
their values of Ap and of Ai to be difieient We used three diffeient prep 
arations of sjmthetic phosphocieatme and one from labbit muscle 
Fiske and Subbaiow obtained theiis from cat muscle All preparations 
gave the same values of Ap ovei the w’^hole expeiimental lange of pH, an 
all of om piepaiations gave the same values of Ai In fact, as shown below, 
even the in vivo lates of cieatinme foimation in a number of dineien 
animals aie m accord wath that of phosphocieatme m viii 0 

In the present commumcation we are concerned primaiily wuth ® 
lelation betw^een the rate of spontaneous, i e non-enzymatic, formation 
of cieatinme from phosphocieatme and the rate of creatinine excre ion 
in the urme Foi this purpose it is convenient to use equation ( 
all the terms on the iight-hand side are ob tamed without hypot eais, 
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the constancy of A i at any one pH foi all values of t sanctions the use of 
the equation 

In the hteiature theic aie no values of the hydrolysis constants of phos- 
phocrcatine over the physiological range of h>diogen ion concentration 
These are given in Table VI and also those we obtained of the conveision 
of creatine to creatinine 


DISCUSSION 

In the body most of the creatine (98 pei cent) is in the skeletal muscles 
Its concentration is kept constant vithm a lange of 400 to 600 mg per 
cent m different species Since the concentration of creatine is kept 
constant, the per cent converted in 24 hours isKat = k X 100 X 24 If 
it were all free creatine and no enzymatic action postulated, the amount 
converted to creatimne m 24 houis at pH 7 0 w^ould be, vnih the value of 
Ao m Table VI, 24 X 0 00044 X 100 = 1 06 per cent If it w^ere all phos- 
phocreatine, the value w^ould be 24 X 0 0011 X 100 = 2 64 per cent The 
lattei IS within the range of rates of conversion of creatine to creatimne 
in VIVO (Table I), whereas the late of conversion of cieatme vitro is 
definitely below, appio\imately one-half, that in vivo 

Rosengait (14) found that the formation of creatimne w^as greatly accel- 
erated in minced muscle at 38° in the presence of fluoiide, lodoacetate, oi 
HCN, as did Myeis and Fine and Hammett in unpoisoned autolvzing 
muscle extracts Rosengait tried to explain this fact by a non-hydiol^ tic 
dephosphorylation of phosphocieatme, he latei accepted the explanation 
proposed here, le the cleavage of phosphate fiom phosphocreatine in 
leaction (1) above 

Some of the data presented by Hammett (8) in 1924 on the late of ap- 
pearance of cieatinme in autolyzmg lat muscle extiacts affoid a direct 
comparison with the rate w^e observed m phosphocreatine solutions at 
the same pH and tempeiature At pH 6 9 and 38° Hammett found at 
10, 20, and 30 houis incubation the following peicentages of the total 
creatine converted to cieatinme 103, 2 02, and 3 06, lespectively A 
smooth plot through oui experimental data at the same pH and tempeia- 
tuie gave for the same time mteivals 1 04, 2 03, and 2 98 pei cent Aftei 
30 houis incubation Hammett’s values aie lughei than we obseived, the 
explanation is very piobably an mciease in acidity m Hammett autoly- 
sates, as they were not strongly buffeied Hydiolysis of phosphocreatine 
itself increases the acidity, and a strong buffer is needed to minimize the 
latter change Glycolysis and othei autolytic piocesses also contiibute 
to the increasing acidity Even aftei 100 hours mcubation Hammett’s 
figure is 9 88 per cent of the original total creatine converted to creatimne, 
ouis (wathout change in pH) is 8 13 per cent The agreement is remarkable 
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Probably most, but not all, of the creatine m muscle exists as phospho- 
creatine In Table VII are collected data m the literature on total creatine 
and phosphocreatme in the restmg muscles of a number of vertebrate 
species The ratio of creatme as phosphocreatme to total creatine ap- 
pears to vary from 43 to 80 per cent The tixie values are probably in 
the upper part of the range , some hydrolysis of phosphocreatme is unavoid- 
able durmg removal and analysis of muscle, Riesser and Hansen (24) 
claim that values of phosphocreatme m muscle obtamed by Fiske and 
Subbarow's method, as most of those m Table VII were, are too low , their 
method gave values 180 per cent of that of Fiske and Subbarow 

Table VII 


Creatine and Phosphocrcaiine in Muscle 


Anixnal 

Creatine 

Phosphocreatme 
as creatine 

Ratio of phosphocreatme 
creatme to total creatme 


ms per cent 

mg Per cent 

per cent 

Cat 

500 (13) 

215-363 (11) 

43-73 

Dog 


170 (15) 

45 

Frog 



70-74 (16) 

n 



SO (17) 

Human 

309-485 (18) 



<( 

400 (19) 

211-239 (20) 

44-6S 

Rabbit 

419-510 (21) 

193-291 (21) 


<( 


301 (20) 

59-72 

Rat 

287 (9) 



<( 

450 (10) 




460 (22) 

211 (22) 

44-74 

<1 

480 (4) 



tt 


16i-240 (23) 




The figures in parentheses are bibliographic references 


If v:e assume, as an average figure, that 60 pei cent of the creatine m 
muscle normally is bound as phosphocreatme, then the creatmine excretion 
m 24 hours, assummg no enzymatic conversion of creatme oi of phospho- 
creatme to creatinine, is 24 X 100 (0 0011 X 0 6 + 0 00044 X 0 4) = 2 02 
per cent of the total creatme m the body Tins figure is toward the lower 
end, but withm the range of estimates m Table I 

The hydrolysis rate constants used in the foregomg computations were 
those at pH 7 0 It may be that the normal restmg pH of muscle is lowTr 
Dubuisson (25) gives a range of 6 19 to 7 18 m frog muscle It seems un- 
likely that the pH is below 6 0, as Rous (26) reported from his obseivations 
with indicators At pH 6 0, assummg 60 per cent of the total creatme as 
phosphocreatme, 4 3 per cent of the creatme in both forms would e 
converted spontaneously to creatmme As this figure is far above any 
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observed m animals, the normal resting pH of muscle on the average is 
probably distinctly above pH 6 0 In any event it is clear that the ob- 
served rates of creatmme foimation fiom phosphocieatme tn vitro are suf- 
ficient to account for the amounts of creatinine in the mine of normal 
animals 

The following facts aigue agamst the participation of an enzyme m the 
immediate piocess of cieatmine formation in vivo The ratio of daily 
uiinary creatmme to total body creatine is nearly the same in diflfeient 
species (Table I) The ratio is close to that observed m autolyzmg muscle 
extracts and to that observed and calculated by means of equation (7) 
m solutions of phosphocreatme not contaimng any tissue extract 

The mam lines of the formation of creatine in the animal body may be 
considered as estabhshed (27-31) Normally the creatme formed is 
retamed temporanly m the body as phosphocreatme, the end-product of 
its metabolism is urmary creatinine The evidence presented above mdi- 
cates that cieatimne is formed directly by a non-enzymatic cleavage of 
phosphocreatme, presumably wheiever the lattei substance exists in the 
tissues, and hence mainly in the skeletal muscle 

This conception of creatme-creatmme metabohsm is m accord with 
nearly all the data m the hteiatuie on normal and abnormal cieatinme 
excretion and creatmuria and on the effects of feedmg creatme or inci eased 
amounts of its physiological precursois m normal and m pathological con- 
ditions, it is m accord mth the uiinaiy and muscle findmgs m the different 
myopathies Space does not permit presentation of the data and dis- 
cussion of them here 

A few findmgs reported in the liteiature are not m accord Outstand- 
mg among these is the condition m birds The major fraction of the 
creatme plus creatmme they exciete is creatme (7, 32) There has been 
httle study of this aspect of the metabohsm of birds, and further mvestiga- 
tion IS needed There are some features of creatme formation m birds 
which differ fiom those m othei animals (27) 

In some experiments on man aftei feedmg cieatme the data reported 
give more extra creatmme m the unne than could have ansen spontane- 
ously m the time mtexval if all the creatme had been conveited to phospho- 
creatme, and, of course, much moie than could have ansen directly from 
creatme (33-35) In most short period experiments httle or no extia 
creatmme was excreted after feedmg model ate amounts of creatme An 
explanation may be found m the expeiiments recently reported m a note 
by Fisher (36) When labbit kidney was perfused vnih creatme (10 to 
30 mg per cent) and a-phosphoglycerol, large amounts of creatmme 
appeared m the perfusate The requirement of a^-phosphoglycerol suggests 
that the creatme was first converted to phosphocreatme There may be 
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an enzyme m kidney which accelerates the decomposition of phospho- 
creatine to creatimne and morgamc phosphate Lohmann (10) found no 
evidence of a phosphatase for phosphocreatme in heart or skeletal muscle 
It IS unlikely that the kidney is the sole or mam site of creatmine formation 
in VIVO If it were, extra creatine production or the feeding of cieatme 
would be followed by increased excretion of creatimne, which is rarely the 
case Agamst the hypothesis of kidney as the mam site of formation of 
urinary creatmine also aie the observations of Chanutin and Silvette (37) 
on the rapid accumulation of creatmme m the blood of nephrectomized 
rats, the nse m blood creatimne in chmcal and experimental kidney disease, 
and the concordance of the observed ratio of urmary cieatinme to total 
body creatme with that calculated by means of equation (7) and the 
total creatme m the muscles 

Assigmng to phosphocreatme the role of immediate precursor of urmary 
creatmme is, of course, only a modification of the view propounded more 
than 30 years ago by Shaffei (1), Myers (2, 38), and Spriggs (39) that body 
. creatme is the precursor Our findings are m accord also with the mech- 
amsm of the reaction suggested by Lipmann (40) ^ 


SURtMARY 


1 The following reactions ensue m aqueous solutions of phosphocreatme 
at 38°, (A) phosphocreatme — > creatmine + morgamc phosphate, (B) 
phosphocieatme creatme + moigamc phosphate, (C) cieatine 
creatmme 

2 The}'' are first order reactions and pioceed independently of each 
other 

3 An equation is developed by means of which the rate constants of 
reactions (A) and (B) can be determmed The rate constant of reaction 
(C) was determmed independently The values of the rate constants at 
38° over the pH range 6 0 to 7 5 are given Reaction (A) is 3 to 4 tunes 
faster than reaction (C) 

4 The combmed rate constants of reactions (A) and (C) aie sufficient, 
without postulatmg the mtervention of an enzyme, to coiielate quantita- 
tively the reported concentrations of phosphocreatme m muscle and the 
creatmme excretion m all animal species on which data are available, ex- 
cept birds, and the rate of formation of creatmme m autolyzing muscle 

5 The concept of phosphocreatme as the mam immediate precursor of 


* Our work with phosphocreatme was nearly completed and had been put aside 
at the time the above suggestion was published We were unaware of it when we 
referred to the present work in a brief reference (41) We now wish to thank Dr 
Lipmann for drawing our attention to his illuminating suggestion 
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urinary creatinine does not, as it stands, account foi the excretion m birds 
of much moie cieatme than cieatmme, nor for some few mstances m man, 
m which moie creatinine has been leported excreted than can be accounted 
for by postulating its piior transformation to phosphocreatme and sub- 
sequent non-enzymatic hydiolysis of the latter 
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The chemical compositions of Ts bacteiiophage, lepioduced m Esclienchta 
colt B gro\ra m lactate, glucose, oi bioth media, have been reported by 
t^^o laboratoncs (1-3) The piesence of laige amounts of desoxyribose 
nucleic acid (DNA) m tlus bacteiial virus, legardless of the conditions of 
growth, has been desciibed This type of nucleic acid also appears to 
be piesent m the Ti, T 3 , and T 4 bactenophages ^ Ultiaviolet irradiation of 
To disrupted the limiting membiane of the paiticle and liberated non- 
sedimentable DNA into solution (4) Although most of the DNA is or- 
ganized \vithm the virus, it has been found that 30 pei cent of the total 
DNA appears to be piesent at the surface of To giown m lactate media - 
Streptomycin contains the diguanido base, streptidine From theoretical 
considerations it i\as anticipated that streptomycm v ould combme with 
the phosphoiylated nucleic acids to pioduce polymeric compounds whose 
size would depend on the combming ratios of the polyi^alent base to poly- 
valent nucleates This was found to be true, and at some ratios lattice 
formation continued until piecipitates foimed ^ That the diguamdo por- 
tion of the molecule u as not solely lesponsible for this complex formation is 
suggested by the inactivity of streptidine itself m producing these lattices 
Smee T 2 bacteriophage (To-F) contamed about 40 pei cent of DNA, 
it was considered of mteiest to test its precipitability with streptomycin 
Complexes of streptomycin and T 2 -F piecipitated and this suggested a 
surface onentation of DNA m the virus In addition, streptomyem nucle- 
ates and complexes of virus and stieptomycm were dissociated m ax NaCI, 
as were thymus nucleohistone and nucleoprotammes (5) 

Concentiates of T 2 -F possessed a lelatively high viscosity which was 
specifically 1 educed by desoxyiibonuclease (DNase) and not by nbo- 

*Tlie work described in this paper was aided by the Office of Naval Research 
^ S S Cohen and T F Anderson, unpublished data 

^ Virus produced by parasitizing JSscherichia colt B in lactate medium (F) or nutrient 
broth (N) will be termed T -F or T- N respectiveb 

® I am indebted to Dr P Gyorgy of this department for suggesting the possibility 
of this acid base interaction 


511 



512 


STREPTOMYCIN AND DESOXYRIBONTJCLEASB 


nuclease, tiypsm, chymotrypsm, oi lysozyme The specific reduction in 
viscosity occurred mthout loss of virus activity After DNase digestion, 
30 per cent of the previously sedimentable DNA of T2-F was separable from 
the virus by high speed centrifugation and the DNase-treated virus had 
become non-precipitable by streptomycm 

It was noted that concentrates of To prepaied fiom broth lysates (To-N) 
had a low viscosity and were not precipitated by streptomycm This sug- 
gested that virus groAvn m nutiient bioth might have lost the external coat 
of DNA o\ving to the activity of an enzyme m broth lysates It has been 
observed by Hook et al (6) that To grown m a defined glucose medium 
possesses dimensions which aie slightly but sigmficantly greatei than the 
same stram of T2 grovm m broth (T2-N) The T2-N preparations vere 
also more stable than the vuus grown in the defined medium 

It was found that bioth lysates do contam active DNase capable of re- 
ducmg the viscosity of To-F concentrates, wheieas this enzyme was not 
found m lactate lysates Furthermore, the lelatively unstable To-F after 
treatment ^vith DNase became as stable as T2-N 
Thus To-F appeared to have an outer layer of DNA removable by DNase 
On the other hand, the same stram of virus, To-N, devoid of this outer 
layer, appealed to have been already degraded by DNase as a result of 
giowth m a host elaboratmg this active enzyme m nutrient broth Varia- 
tions m the composition of the medium had thus pioduced variations m the 
chemical composition, surface structure, stability, leactivity with strepto- 
mycm, and the viscosity of concentrates of To bacteriophage 

Materials and Methods 

Nomenclature — The relationships of the organism and virus used m these 
studies to the system of othei workers have been described previously (1) 
To appears to be identical with the PC phage used by Jones (7) m her studies 
of the stieptomycin inactivation of bacteriophage 

Media — EschencJna coh B vas grovm m two media The defined 
medium (F) contamed 10 gm of sodium lactate, 1 gm of NH4CI, 0 7 gni 
of K2HPO4, 0 3 gm of IQI2P04, 0 1 gm of Na2S04, and 0 01 gm of MgS04 
pel htei of distilled water The nutrient bioth contamed 8 gm of Difco 
nutrient broth and 5 gm of NaCl per hter of distilled watei Nutrient 
agai for slants contamed 20 gm of Difco Bacto-agai, 15 gm of Difco nu- 
trient bioth, 5 gm of NaCl per hter of distilled water Platmg agar con- 
tamed 15 gm of agar pei hter of broth medium 

Preparation of Bacteria and Lysates — Overmght hqmd cultures were made 
b}'' moculatmg the appropriate medium with bacteria from a slant The 
inoculated media were aeiated at 37° for 18 hours At the end of this time 
they contamed about 5 X 10^ viable bacteria per cc For every 10 cc 0 
the appropriate medium, 0 05 cc of the overmght culture was added an 
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the mi\tuie was aerated at 37^" The numbei of viable organisms was 
con dated \\ith the turbidity of the bacterial suspension as determined m 
a Klett-Summeison photoelectuc colorimeter with a No 420 filter Cul- 
tuies were giowai to 10^ bacteiia per cc determined turbidimetncally, 
and inoculated with To bactenophage at a concentration of 10® virus par- 
ticles per cc The cultures were aeiated at 37"^ overmght The resultmg 
lysates, containing about 3 X 10® T2-F or about 7 X 10® T^-N per cc , were 
sedimented at 4000 uv 'm foi 1 houi and the supernatant fluids were stored 
at 4° 

P reparaiio Ji of Purified Bactenophage — ^The prepaiation of concentrates 
of To and their properties have been described (1) Some of the prepara- 
tions of puiified To employed m these studies were kindly given to me by 
Dr T F Anderson of the Johnson Research Foundation of the Umversity 
of Pennsylvania Otheis weie prepared by the same method m this 
laboiatory Virus assay followed the procedure of countmg plaques de- 
seabed by Delbiuck and Luna (8) with the spieadmg and layermg modi- 
fication used by Hershey (9) A virus aliquot w^as mtroduced mto 2 5 cc 
of melted agar contaming 7 gm of agar per liter of broth medium at 45° 
The contents of the tube were poured on a sohd agar plate, permitted to 
sohdify, and the plate was meubated at 37° overnight 

Other virus preparations have been sinulaily piepared by differential 
centrifugation of lysates These include T7 from nutrient broth (T7-N), 
T4r+ fiom lactate media (T4r‘*‘-F), T4r+ from nutrient broth (T4r+-N), and 
T4i fiom nutrient broth (T4r-N) The term i"^ refeis to the size of plaque 
observed m the assay of the wld type of T4 The absence of plus indicates 
that w^e are dealmg with the mutant, T4r, diffeimg from the wild type with 
lespect to the “1” characteristic, namely the size of plaque reflectmg the 
lapidity of lysis The prepaiations of T2 used m these expenments were 
of the type 

We are indebted to Di W M Stanley of the Rockefellei Insitute foi 
purified preparations of tobacco mosaic virus and tomato bushy stunt virus 
Analyses — The diphenylamme procedure (9) and the pei chloric acid- 
tryptophane (10) method were employed for the estimation of DNA 
Phosphorus w^as estimated by the method of liing (11) Nitrogen was 
determmed by the Kjeldahl procedure (5) 

Vtscosmietry — 5 cc ahquots of the appropriate mivtuies were exammed 
m Ostw^ald viscosimeters at 37 0° ± 0 1° 

Suhstances — Streptomycin (Abbott) of about 50 per cent purity was 
employed m mitial experiments These studies were repeated and ex- 
tended with crystallme strep tomycm trihydiochlonde and streptidme 
sulfate kmdly given to us by Di 0 Winterstemer and Dr J Dutcher of 
The Squibb Institute for Medical Research 

Highly polymerized sodium desoxynbose nucleate (NaDN(p)) was 
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prepared from th 3 anus Fresh mmced thymus glands were extracted with 
2 cc of H 2 O per gm of tissue at 4° The nucleohistone m the extract ^vas 
precipitated by adding NaCl until the solution was 0 14 m with respect to 
this salt The sediment w^'as collected by centiifugation and dissolved m 
M NaCl The residual thymus was extracted overnight at 4° wath m NaCl 
and the viscous extract was pressed thiough cheese-cloth and precipitated 
by pouring mto 6 volumes of watei The piecipitate was redissolved in m 
NaCl, combmed with the sahne solution of dissociated nucleohistone (5), 
and repiecipitated at 0 14 m NaCl The sediment of leassociated histone 
and nucleate was ledissolved m m NaCl, adjusted to pH 11 0, and mixed in 
a Warmg blendoi for 2 minutes with 0 5 volume of CHCh-capryhc alcohol 
(8 1) The mixture was sedimented and the aqueous layer removed from 
the gel mterf ace The histone denaturation was 1 epeated until the aqueous 
layer gave a negative biuret leaction The pH wms 1 educed to 6 5 with 
HCl, and the viscous solution of sodium desoxyiibonucleate was poured into 
2 volumes of chilled alcohol Aftei standing at 4° overmght, the precipi- 
tate was removed by filtration with suction and washed with alcohol and 
ethei The white fibrous material was diied in vacuo over PoOg It has 
been found that depioteimzmg in this mannei pioceeds more readily at pH 
11 than at a lowei pH 

Depolymerized sodium desoxyiibose nucleate (NaDN (d)) was prepared 
accordmg to Levene and Bass (12) Two depolymeiized sodium ribose 
nucleateswere used, the fixst that of the Schwarz Laboratoiies,andsecondIy, 
material purified accordmg to Kumtz (13) These three materials were 
alkah-degraded as a result of the method of pieparation 

Oxidized cellulose, contaimng 19 5 pei cent carboxyl and 0 3 per cent 
mtrogen, was obtained from the Tennessee Eastman Corporation It was 
dissolved on the addition of 0 5 per cent NaOH to pH 7 0 

We aie mdebted to Di M McCart}^ of the Hospital of the Rockefeller 
Institute for the piepaiation of pancreatic desoxyribonuclease employed 
m these studies This preparation possessed no pi oteolytic activity at the 
concentrations employed, as measured by the mabihty to reduce the vis- 
cosity of gelatm at 37° Unless othennse mdicated, the enzyme was 
activated by MgCb and stabihzed by gelatm accordmg to McCarty (14) 

The preparations of ciystalhne ribonuclease, trypsm, and chymotrypsm 
were kmdly given to us by Dr M Kumtz of The Rockefeller Institute 
at Prmceton 


EXPERIMENTAL 

Formation and Dissociation of Streptomycin Nucleates — ^The addition of 
1 0 per cent streptomycm (Abbott) to neutral solutions of polymenze 
NaDN resulted m the formation of opalescent solutions or flocculent pre- 



S S COHDN 


515 


cipit ites), depcndmg on the amount of streptomycm added Repetition 
of tins with 0 5 pel cent solutions of ciystalhne stieptomycm trihydrochlo- 
ide produced essentially similai lesults, showing a nariow^ legion of soluble 
opalescent complex foimation and a wide region of flocculation Resolu- 
tion of the floccules on contmued addition of stieptomycm was not ob- 
served The development of the complexes was follow^ed quantitatively 
by addmg small aliquots of the appiopiiate stieptomycm solution to 3 0 



Fig 1 Complev formation, as meaauied by turbidity increase, on tbe addition of 
streptomycin to solutions of amomc polymers 

cc ahquots of 0 1 pei cent nucleate and examining the opalescent or turbid 
mixtures m a Eett-Summerson photoelectric colorimeter with a No 420 
filter In most of the turbidity studies m which lelatively large amounts of 
streptomycm were required, the product of 50 per cent punty w^as used 
The vahdity of the use of impure streptomycm was estabhshed by quahta- 
tive studies wnth smaller volumes of the crystalline tnhydrochlonde The 
results of a number of studies are piesented m Fig 1 Some experiments 
with crystallme streptomycm and streptidine are included m Fig 1 
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Depolymeiization of NaDN ^\lth DNabe to a \iscosity of less than 10 
pel cent of the original did not reduce the piecipitabihty of the lesulting 
NaDN aftei 1 houi of depolymeiization Flocculation occuiied m the 
same mannei as with NaDN(p) We have obseived that tieatmeht of 
NaDN(p) mth this enzyme for 1 houi hydiolyzed only a veiy small per- 
centage of the phosphate esteis to hberate fiee acid This suggests that 
the degiaded NaDN employed in this instance still consisted of laige mole- 
cules whose ability to foim lattices was essentially unimpaiied 

On the othei hand alkali-degiaded sodium nucleates such as NaDN(d) 
and NaRN (Sch\vaiz) have markedly altered tuibidity development curves 
which appeal to be a function of the considerably i educed size of the mole- 
cules as w^ell as the inci eased valence per mg of the smallei pol 3 niucleotides 
Polycaiboxylated compounds, such as the sodium salt of oxidized cellulose, 
weie also capable of leactmg with stieptomycin, as piesented m Fig 1 
All of these compounds weie dissociated m ai sodium chloride as well as 
somew^hat lower concentiations of salt, as indicated b> the total disappear- 
ance of opalescence oi tuibidity 

Streptidme, 1 ,3-diguanido-2,4,5,6-tetiahydro\ycycIohe\ane, w^as in- 
capable of foimmg polymeis of this type (cf Fig 1) This suggests that 
the weak basic group of streptobiosamme is essential for lattice foimation 
The addition of stieptomycm trihydiochlonde to NaDN(p) at pH 110 
at concentiations foi maximal piecipitation did not lesult m piecipitation 
The addition of w^eak acid to this mixtuie resulted m the development of 
turbidity and pi ecipitation between pH 7 and 8 It has been found by acid 
titiation of stieptomycm that the third and w^eakest basic gioup bmds acid 
below’' about pH 9 0 and its titration is at least 80 per cent complete at pH 
7 0 (15) Thus one basic gioup, which participates m and is essential for 
lattice foimation, has a low pK of the order of that m streptobiosamme 

Preci'pitahon of Tn-F Bactenophage — -Ultracentiifugally piepaied con- 
centrates of To-F m 0 85 pei cent NaCl at 10^*^ active pai tides pei cc and 


higher w^ere precipitated on the addition of 0 5 pei cent stieptomycm 
sulfate Appioximately 40 per cent of the amount of the pure antibiotic 
was lequired for maximal precipitation of T 2 -F containing a definite amount 
of DNA, as was required foi an equivalent amount of NaDN(p) When 
the vuus contents of the supernatant fluids of diffeient To-F preparations 


w^ere detei mined immediately after treatment wath streptomycm and cen- 
trifugation of the precipitate, they represented reductions of 99, 94, 93, 
88, 65, and 60 per cent respectively of the initial virus activity It 
be noted m a subsequent section that loss of virus of this magnitude is 
considerably greater than that observed wuth T 2 -N pieparations in t e 


presence of streptomycm for several hours 

The piecipitation of To-F occurred m thin sheets if solutions of the anti- 
biotic were added slowly to the virus solutions or long fibrous strands w en 
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the imxtiue u is agitated These piecipitates weie totally unlike any of 
the othoi types of flocculent compounds m appeal ance Agitation m w 
sodium chloiide lesulted in the dissociation of the piecipitates 
Enzymaiic Degradation of — The foimation of stieptomyunpiecipi- 

tiles Mith this viuis, which contained about 40 pei cent NaDN (1), sug- 
gested that some of the NaDN was oiganized at the suiface of the paiticle 
It was coiibideied that the mteiaction of T 2 -F, manifested in the lelatively 
high viscosity of concentiates of this mateiial of titer 10^^ pei cc or highei, 
might be a function of nucleic acid mteraction The viscosity of T 2 -F 
in the piesencc of vaiious enzymes w^as theiefore studied 
To 2 cc aliquots of thrice sedimented T 2 -F in 0 85 per cent NaCl at a 
titer of 5 X 10^^ per cc were added 2 cc of 0 05 n veronal at pH 7 2 foi 
studies with DNase, iibonuclease, and trypsin, or <2 cc of 0 05 n acetate 
at pH 5 0 foi the test with lysozyme To 4 cc of these mixtures m viscos- 
imeters at 37^^ weie added 1 cc of 0 0001 per cent DNase, 0 01 per cent 
ribonuclease, 0 01 per cent trypsin, 01 0 01 per cent crystalhne lysozyme 
The contiol addition contained 2 cc of 2 5 pei cent gelatm and 130 mg of 
MgCb per 100 cc The results presented m Fig 2 demonstrate that the 
viscosity of T 2 -F concentrates is specifically 1 educed by desoxynbonuclease 
The various pieparations were assayed and were found not to have lost 
activity 2 cc aliquots were sedimented at 60,000^ for 1 hour and the 
supernatants were assayed foi activity and tested foi DNA The sedi- 
ments weie lesuspended m 0 85 pei cent NaCl and tested for stieptomycm 
precipitabihty It was obseived that, whereas the pellets of DNase- 
treated T 2 -F weie leadily resuspended, the pellets of the contiol and othei 
prepazations w^ere relatively sticky and difficultly resuspended These 
properties of the control and DNase-tieated T 2 -F are summarized m Table 
I The fine turbidity developed on addition of streptomycm to DNase- 
tieated T 2 -F is presumably due to reaction with soluble depolymerized 
DNA ivhich the pieparation contains before ultracentnfugation The 
sedimented DNase-treated virus did not give this tuibidity 

pTQ'periies of — Concentrates of T 2 -N, siimiarly piepared, ha\mg a 
titer of 10^^ to 10^ active virus particles pei cc , possessed a loiv viscosity, 
comparable to that of an equivalent titer of DNase-tieated T 2 These 
pieparations were not precipitated by 0 5 per cent solutions of streptomy- 
cm 

Preparations of Ta-N had a markedly highei content of DNA per active 
particle than pieparations of T 2 -F Smce repeated ultracentrifugation of 
T 2 -F IS more likely to result m loss of titei than is ultracentnfugation of 
T 2 -N, it might be expected that T 2 -F would have a higher relative content 
of inactive particles and a higher ratio of DNA to activity than did Ts-N 
Neveitheless the reverse was consistently observed 
Sireptomycin Precipiiabthiy of Other Vtricees — It was noted that 0 05 
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cc of the nbonucleopiotems, tobacco mosaic viius at 10 mg pei cc , and 
tomato bushy stunt vans at 8 mg pei cc did not piecipitate when mixed 



Fig 2 \ctioii of dcso\ynbonuclease on a T 2 -F concentrate 


T\blb I 

Properties of T2 F after Digestion with Desoxgribonuclease 


Property 

Control 

DKase treated 

Specific viscosity at 0 02 nig P per 

0 233 ' 

0 0167 

cc 

Streptomycin precipitabihty of total 

Long strands 

Fine turbidity 

preparation 


2 08 X 10“ per cc 

Activity after incubation 

1 98 X 10“ per cc 

DNA per cc in supernatant fluid 

0 029 

0 147 

after ultracentrifugation 


33 3 

% total DNA in supernatant fluid 

6 6 

Resuspension of virus sediments 

Relatively difficult 

Easy 

Streptomycin precipitabihty of re 
suspended virus 

Long strands 

None observed 



S S COHEN 


519 


with 0 1 ct of 1 0 pci cent streptomycin Undei these conditions, T 7 -N 
it S 8 X per tt foimed a slight turbidity, as did one preparation of 
T^r'f'-N it 1 99 X lO’-’’ pei cc Anothei preparation of at 3 65 X 

10'' and one of l^i-N at 3 72 X 10 " gave no precipitate Preparations of 
of T<r+-F ga\e the same type of piecipitation as To-F In contrast to the 
low viscosity of Tii'^-N, piepaiations of Tji+-F ivere quite viscous Thus 
the diffeienccs in \ibcosity and stieptomycm piecipitabihty noted between 
Tj'F and Tj-N ippeai to exist in the Tn'^'-F and T 4 I+-N preparations as 
well 


Table II 

Proptrlics of Tt-F and T.-N 



n 

Fj 

Fi 

Titer of lysvite* 

2 9 X 10’ 

9 6 X 10’ 

1 7 X 10^ 

“ “ conceutratc 

1 05 X 10^^ 

8 11 X 10^° 

6 1 X low 

Yield m concentration, % 

230 

200 

220 

DNA per cc concentrate, rng 

0 075 

0 0-17 

0 090 

Streptomycin precipitabihty 

2+ 

4-{- 

i+ 

Precipit ability after DNase 

0 

0 

0 


Ni 

Nj I 

N» 

Titer of lysate* j 

5 4 X 10* 


7 6 X 103 

concentrate 

9 9 X 1010 


i 1 05 X 10^^ 

Yield in concentration, % 

114 


90 

DNA per cc concentrate, vig 

0 482 


0 468 

Streptomycin precipitability 

0 


0 

Precipitabihty after DNase 

0 


0 


* After low speed centrifugation to remove d^bna 


Fro-perhes of T^-F and Ti-N — The previous data ivere obtamed on various 
virus concentiates that had beenpieparedat different tunes These prepara- 
tions varied m age, handhng, etc To afford a more careful comparison of 
the properties of these viruses and the media m w^hich they were grown, 
three preparations each of Tj-F and Tj-N were made simultaneously as 
follows Three 100 cc aliquots of lactate (F) or nutrient bioth (N) w'ere ino- 
culated with Eschenclna coh B and groivn to 10® bacteria per cc Each was 
moculated with the same sterile Tj-F concentiate at a concentration of 10® 
percc The cultures ivere aerated at 37° for 18 houis The 1> sates were 
centrifuged at 4000 R p M for 1 houi The supernatant fluid was assayed 
for virus and ahquots were removed for estimation of desoxyribonuclease 
activity The low speed supernatant fluid was sedimented at 60,000g for 
1 hour The pellets were resuspended m 0 85 per cent NaCl m one-six- 
teenth the volume of the origmal lysate 
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These concentrates were assayed for activity, stieptomycm sensitivity 
before and after desoxyribonuclease digestion, stability alone and m stiepto- 
naycm, and DNA content To 0 8 cc of the F and N concentrates were 
added 0 1 cc of 0 05 N veronal at pH 7 2 and 0 1 cc of 0 0001 per cent 
DNase The solutions were incubated at 37° for 2 houis In Table II 



0 OO RO 30 ^ ^ 60 NIN 

Fig 3 Depolymerase (DNase) activity of lysates on Tj-F 


are presented the titers of the lysates and concentiates, the lecovery o 
activity after sedimentation, strep tomy cm precipitability, and the 
content per cc of concentrate 

From these data it may be seen that the first sedimentation of Ts- 
consistently resulted m an apparent doublmg of active virus This sug- 
gests the separation of virus from an mhibitor present m F lysates 
pubhshed data on one-step grond-h of To on Escherichia coli B m the lacta e 
medium have frequently mdicated the mactivation of about 30 to 50 per 
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cent of the vans immediately after maximal lysis It is possible that an 
mactive complex of viius and inhibitoi was dissociated simply by ultra- 
centnfugation, this phenomenon is fiequently encountered in the ultra- 
centrifugation of mixtures of neutralizing antibodies and viruses In 
addition, the pievious obseiwations on T 2 -F and T 2 -N ivith respect to strep- 
tomycm piecipitabihty before and after DNase treatment have been con- 



Fio 4 The activation and stability of pancreatic deaoxynbonuclease in lactate 
medium or nutrient broth 

firmed on simultaneously prepared virus preparations denved from the 
same inoculum of T 2 'F 

DNase Activity of F and N Lysates — ^To 2 cc ahquots of T 2 -F at 5 X 10*^ 
per cc , previously demonstrated to be specifically reduced m viscosity by 
DNase only, weie added 1 cc of water and 2 cc of the appropriate lysate 
clarified by low speed centrifugation The viscosity changes of the mix- 
tuies at 37° aie presented in Fig 3 
Activity and Stability of Pancreatic DNase in Different il/edio— DNase 
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activity of N lysates ovei F lysates may be explamed m many ways Two 
possibilities were tested (1) that nutiient bioth activates DNase to a 
greater extent than the protem-fiee and Mg-low F medium, (2) that the 
stabihty of DNase is gieatei at 37® m bioth than m lactate Both 
conditions were found to be true 



Fig 5 The inactivation of Ts at 37° c/co represents the fraction of residual acti 
VI ty where co is the initial titer and c the titer at the time of assay after incubation 

A 0 01 per cent solution of pancieatic desoxyribonuclease w^as freshly 
prepared m the absence of added MgCb and gelatin The enzyme was 
diluted 1 10 m broth or lactate (F) of the same pH To 4 cc of 0 1 
cent NaDN(p) were added 1 cc ahquots of the diluted enzyme 
Fig 4 it can be seen that DNase diluted m broth i educed the viscosity o 
NaDN(p) faster than the same quantity of enz5une diluted m F 
The 0 001 per cent DNA m broth and F were kept at 37® for 18 
At the end of that tune, 1 cc ahquots w^ere retested with 4 cc of substra e 
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DNa^e in F had lost all of its activity in contrast to the DNase added to 
broth, uhich still possessed some activity These data also are presented 
mFig 4 

Effect of DNase on Slahibty of at 37 ^ — The concent) ates of To 
desci ibed m Table II u ere used m these studies They mcluded Na, Fj, and 
DNaso-tieated Fa The concentrates m 0 85 pei cent NaCl vere diluted 
m saline to about 2 X 10^ active particles per cc To 0 5 cc of diluted virus 
w as added 0 5 cc of 0 05 n veronal at pH 7 2 The solutions were mcu- 
bated at 37® and assayed over a 6 hour period The inactivation curves 
are presented m Fig 5 The mactivation of these materials appears to 

Co 

c 



follow a first order reaction, the velocity constant for the mactivation of 
T2-F IS about twice that of T2-F treated v^ith DNase and To-N 
Streptomycin Inactivation of Ta — To 0 5 cc of the same preparations of 
N3, Fa, and DNase-treated Fj was added 0 5 cc of 1 0 pei cent crystalline 
streptomycin tnhydrochloiide m 0 05 n veronal at pH 7 2 The solutions 
were mcubated at 37® and assayed over a 6 hour period The mactivation 
of T2-N by streptomycin appears to follow a first order reaction, i\hose 
\ elocity constant is about 3 5 times that of T2-N m the absence of the anti- 
biotic, as is demonstrated in Fig 5 On the other hand, the mactu ation of 
Ti-F by stieptomycm is not a first order reaction (Fig 5) but appears to 
be a bimolecular reaction, as established hy the Imear relation beti^een 
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SUMMARY 

Streptomycin and desoxyiibonuclease have been employed to study the 
surface structuie of T2 bacteriophage as a function of then abihty to leact 
vnth desoxyubose nucleic acid The desoxynbose nucleic acid content, 
stability, viscosity, precipitabihty, and rates of mactivation by streptomy- 
cin of To bacteriophage have been found to be a function of the conditions 
of piepaiation of the virus These differences appeared m T4 piepaiations 
as uell Parasitism of Eschenchta coh B m F medium lesults in the pro 
duction of Virus coated with DNA Parasitism m the host m nutrient 
bioth lesults in virus fiee of this coat, possibly lemoved by the DNase 
hbeiated fiom the lysed oiganism This DNase is activated and stabilized 
by nutnent broth 
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Although the concentration of fiee a-amino acid nitrogen m human blood 
lias been determined accuiately by recently developed procedures (1), 
measurement of the concentrations of the mdividual ammo acids awaits 
the estabhsliment of specific methods for their determmation 

Glutamme compnses 18 to 25 per cent of the free ce-amino N m human 
plasma (2) In addition, studies (3) in which microbiological assay 
methods iveie used give values foi ten other ammo acids whose total con- 
centrations account for 76 per cent of the value for the free a-ammo acid 
N lepoited m the hteiature (1, 4, 5) From these figuies it would seem 
that approximately all of the free ammo acids m plasma can be accounted 
for, despite the fact that glycme, alanme, cystine, prolme, methionme, and 
serme are not mcluded That these data are mconsistent is mdicated from 
evidence presented below that glycme plus alanme constitutes 24 per cent 
of the a:-ammo N of plasma This findmg also may leflect the fundamental 
role of these ammo acids m metabolism, despite the fact that they aie 
consideied ‘^non-essential ” 

Little is knonm concernmg the ammo acids m eiythrocytes In a few 
recorded analyses, the a-ammo N content has been shoivn to be about 
twice as gieat as that of plasma (1, 6) When, however, the values aie 
con ec ted foi the high glutathione* content of red blood cells, the fiee 
a-ammo N is leported to be almost the same as that of plasma (8) 

The development of specific methods for the determmation of glycme and 
alanme (9, 10) made it desirable to establish the concentrations of these 
substances in the blood of normal subjects Data are here piesented on 
the content of alanme and glycme m human whole blood, plasma, and red 
blood cells under fastmg and non-fastmg conditions In addition, alter- 
ations in the concentrations of these constituents consequent to the m- 
gestion of glycme are leported 

* This study was supported by a grant from the John and Mary R Markle Founda- 
tion 

1 Glutathione interferes m the determination of free a-ammo nitrogen by the 
mnhydnn CO^ method, since the free a-amino carbo\ylic group of its glutamic acid 
reacts \\ith mnhydnn, evolving 1 mole of CO per mole of the peptide (7) 
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Simultaneous measurements of the fiee a-ammo acid N of blood aie 
mcluded, and also some observations on the excietion of glycine m the 
urine 

Method 

Glycme and alanine weie measured by methods pieviously descnbed 
(9, 10) Total fiee ammo acid N was analyzed accoidmg to the method of 
Hamilton and Van Slyke (1), piciic acid vas used as the deprotemizmg 
agent No allowance was made for the uiea content of a\ hole blood, vhich 
was piesumed to be noimal 

Venous blood fiom laboratory workeis, mteins, and nui'ses was diawn 
into bottles contammg 1 drop (desiccated) of 20 pei cent potassium oxalate 
pel 5 cc of blood Foi deteimmations of concentrations durmg the fasting 
state, blood Avas obtamed just befoie bieakfast aftei a 12 hour fast Blood 
and plasma Aveie depioteinized Avithm 15 mmutes aftei the blood Avas ob 
tamed, and the piotem-fiee filtiates Aveie stoied m the lefiigeiatoi until 
deteimmations Aveie made (most of them AVithm 24 houis aftei the wth- 
diaAval of blood) The glycine, alanine, and fiee ammo N of the led blood 
cells Aveie calculated fiom the values obtamed foi Avhole blood and plasma 
and fiom the hematociit Avlnch Avas deteimmed m the loutine manner 
Almost all of the ammo acid deteimmations AAeie earned out in duplicate 
and the lesults Aveie aveiaged 

The effect of glycme admmistiation Avas studied m tlnee fastmg subjects 
following the mgestion of 1 gm of this ammo acid- pei 10 pounds of body 
weight The mateiial Avas given m 240 cc of Avater oi tomato juice The 
values lecoided m these expeiiments aie smgle deteimmations 

Foi the measurement of the luinaiy excietion of glycme, the urme 
passed duimg a 24 houi period A\"as collected in bottles contammg 10 cc o 
toluene and 5 cc of 10 per cent hydrochloric acid Duimg this same 
period the dietaiy mtake Avas lecoided and its piotein, caibohydrate, an 
fat content was calculated 


Residis 

Tlie concentiation of glycme m the blood and plasma of ten fasted males 
and eight fasted females AA^as stiikingl}" unifoim (Table I) The aAerage 
concentiation m blood was 2 02 mg pei cent (standaid deAuation 0 l-ijj 
plasma 1 77 mg pei cent (standaid deAuation 0 26), and m the red ce 
2 36 mg pel cent ^ 

Alamnewas piesent in gieatei concentiations,mole foi mole, than S > 
(Table I) The aveiage amount in Avhole blood, plasma, and cells 
same, essentially 4 mg pei cent Variation m the level of alanme 

2 Glycme purchased from the Eastman Kodak Company, Kochester, 
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ludividual to individual was somewhat gieatei than obtained with glycine, 
and there seemed to be no lelationship between the concentiations of these 


Tvble I 

Distj ibution of Glyctnc and Alanuie in Blood of Normal Fasting Subjects 


\ alues expressed in mg per cent, Cg and Pg indicate concentration of gl>cme in 
crythrocytcb and plasma respectively, Ca and Pa alanine concentrations 
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ammo acids No significant difference m alanme or glycme concentration 
was noted between males and females 
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anme 10 7 pei cent The ratio of glycine to non-glutathione a-amino N 
in the erythiocyte thus is piacticalty the same as that m plasma (8 0 per 
cent), whereas for alanme the relative concentiation is greater m the plasma 
(16 pel cent) than m the cells (10 7 pei cent) As fai as i\e have been able 
to asceitain, similai studies ha\e been made foi only one other ammo acid, 


T\ble III 

Blood Glycine and Alanine in Non Fasting Normal Subjects 


Aiial> tical values expressed in mg per cent 


Subject 
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♦ This blood w as obtained immediately before dinner, 3 hours after a light brea ' 
fast The time relationships of the subsequent analyses are based on this deter 
mination 


tryptophane, whose concentration m cells is only one-fifth of that m plasma 
(12) This evidence suggests that the pattern of ammo acids ivith 
to their relative concentrations is different m the plasma from that m 
erythrocyte 

Blood glycme concentrations weie higher in non-fastmg than m fas » 
subjects (Table III) This was observed particularly m the cells, resu 
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for alanine were 10 6, 16 1, and 7 1 pei cent lespectively Together they 
compiise a lelativelj’' laige fiaction (24 per cent) of the total free a-amino 
acid iiitiogen m human plasma This findmg is not m accord with the 
recent lepoits of Hamilton (2) and Iliei and Beigeim (3), whose data, 
taken togethei, leave httle or no loom foi alanme and glycme or for aspartic 
acid, cystme and cysteme, methionme, piohne, and seiine, which have not 
been detei mined Accoiding to the foimer authors, glutamine constitutes 
from 18 to 25 pei cent of the fiee a-ammo acid N of plasma The lattei 
observers account foi 76 pei cent of the total ammo N m the form of ten 
other ‘‘essential” and “non-essential” ammo acids It is difficult to as- 
cribe this discordance to erroneously high values lepoited for glutamme 
It IS moie likely leferable to the microbiological assay methods employed by 
Hiei and Bergeini (3), by which no distmction bet^^een free and bound 
ammo acids is shown, vhethei the lattei are “conjugated” or in peptide 
combinations (8, 11) 

Glycme and alanme comprise a smaller percentage of the fiee a:-ammo 
N of erythiocytes, despite the fact that the concentration of glycme is 
gi eater, and of alanme no less, m the cells than m the plasma 

The fiee ammo N of red blood cells is about twice as great as that of 
plasma This is m accoid with the obseivations of other obseivers, who, 
usmg the same teclmique (1, 8, 12), repoit values Avhich range from 6 5 to 
9 6, averagmg about 7 7 mg per cent As has been pomted out by other 
observers (7, 8) glutathione contributes largely to the high ammo N values 
ob tamed foi erythiocytes ^ It seems unlikely, however, that this is the 
whole explanation of the disci epancy between erythrocyte and plasma 
ammo N, smce, at most, led cell glutathione ammo N (as measured by the 
deteimmation of “bound” glycine (8) or the analysis of the glutathione 
directly (13, 14)) compiises only 2 to 3 mg , if this is deducted from the 
total free a-ammo N values for red cells, we are still left with a concen- 
tration of free a-ammo non-glutathione N exceedmg that m plasma It 
should be noted, also, that iiiegularities m the recovery of glutathione in 
filtrates of biological material deprotemized by agents other than sulfo- 
sahcyhc acid (8, 13) ^\ould tend to give erroneously low values for the 
a-ammo N of erythrocytes w'^hich have been rendered piotem-free by tungs- 
tic 01 picric acid Accoidmgly, the difference between the free, non-glu- 
tathione, a-ammo N of erythrocytes and plasma is piobably even greatei 
than mdicated above 

If from our observed values for red cell ammo N (6 06 milhequivalents) 
we deduct the value of red cell glutathione ob tamed by others (2 14 milhe- 
quivalents of a-ammo N), we aie left with 3 92 miUiequu alents of non- 
glutathione a-ammo N, of which glycme constitutes 7 8 per cent and al- 

’ The concentration of glutathione in plasma is negligible (S, 13) 
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anme 10 7 pei cent The ratio of glycine to non-glutathione a-amino N 
in the erythiocyte thus is piactically the same as that m plasma (8 0 per 
cent), whereas for alanme the relative concentiation is greater m the plasma 
(16 pel cent) than m the cells (10 7 pei cent) As fai as have been able 
to asceitain, similai studies ha\e been made foi only one other ammo acid, 

T\ble III 

Blood Glycine and Alanine in Non Fasting Noimal Subjects 


Anal> tical values expressed in mg per cent 
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* This blood \\ as obtained immediately before dinner, 3 hours after a light brea 
fast The time relationships of the subsequent analyses are based on this deter 
mination 


trjrptophane, whose concentration m cells is only one-fifth of that m plasma 
(12) This evidence suggests that the pattern of ammo acids ivith 
to their relative concentrations is different m the plasma from that m 
erythrocyte 

Blood glycme concentrations weie highei in non-fastmg than m i » 
subjects (Table III) Tins was observed particularly m the cells, resu 
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m au incieasc m the concentiation latio of cell to plasma glyciue On the 
othei hand, no significant diffeience was obseived between the alanme 
concentrations of fastmg and noii-fastmg blood 
Follow mg the mgestion of glycme its concentiation uses rapidly m plasma 
and eiythiocytes, attammg its highest peak m fiom 1 to houis (Fig 1) 



HOURS AFTER GLYCINE 


Fig 1 Glycine N, alamne N, and total free ot-ammo N following ingestion of 
glycine • represents glycine N, O alanine N, □ a-amino N All values are given 
in mg per 100 cc The solid lines indicate w hole blood, the broken and dotted lines, 
plasma, the dash lines red blood cells As imII be noted in the experiment on N M , 
the control value of the a amino N for whole blood is unfortunately missing, due to 
a technical error encountered in that analysis In view of evidence (17) indicating 
that blood of-ammo N returns essentially to normal uithin 3 hours following the 
oral or parenteral administration of ammo acid mixtures, there might be some justi- 
fication for considering the 4 hour value of the above subject m lieu of the control 


That glycme is easily absoibed from the gastiomtestmal tiact is thus m- 
dicated This is m accord with the eaily obseivations of Folm and Beig- 
lund (15), Avho reported a nse of 3 mg of ammo N wathm 2 lioiiis m the 
blood of a subject who had leceived 1 2 gm of glycme pei 10 pounds of 
body weight Thereafter, the level dechnes rapidly (Fig 1) but does not 
return to the piemgestion value wathm 5 houm The eaily nse m glycme is 
greatei m the plasma than m the led blood cells, resulting m a marked 
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decrease m the concentration ratio of cell to plasma glycine This suggests 
either that glycme does not entei the erythrocyte readily or that the ammo 
acid IS rapidly converted there to something else That red cell ammo 
N rises much moie than led cell glycme aftei the mgestion of this ammo 
acid (Fig 1) suppoits the lattei view, if we considei that glycme may be 
rapidly converted m the cells to glutathione 

The speed with which mgested glycme is absorbed mto the blood stream 
has been leferied to above But the slowness with which the blood is 
completely cleared of its added glycme is notowoithy and is m discoid with 
the behavior of most amino acids, which are lapidly removed (16, 17) 
Othei observers have similarly noted the slowness with which the blood 
ammo N returns to its contiol devel followmg the mgestion of glycme 
The admmistiation of this ammo acid apparently results m its accumu 
lation in other tissues also It has been shovm that of most ammo acids 
only glycme causes a nse m the ammo N of muscle, m hver, it caused a 
gi eater use m ammo N than any other ammo acid (18) These facts are 
also consistent with evidence (19, 20) that glycme, m contradistmction to 
other ammo acids, is deaminated and oxidized with gieat difficulty by 
tissue shces oi suspensions of bioken cells ^ 

On the other hand, it has been conclusively demonstrated by means of 
glycme tagged with carbon isotopes that its metabohsm starts immediately 
followmg its administration, smce isotopic carbon dioxide soon appears in 
the expired an (22) Neveitheless, glycogen formation from glycme does 
not take place till 6 hours after its admmistration (23) 

It IS conceivable that the slowness with which mgested glycme is com 
pletely cleared from the blood is due m part to delayed excretion into the 
urme Our observations mdicate that only very small amounts of glycni® 
are excreted, even when theie are large amounts m the blood After the 
admmistration of this ammo acid to two subjects (G G , N M ) only 38 
and 43 mg were recoveied m the uime m 3i and 5 hours lespectively 
One of these mdividuals excreted 98 mg , the other 148 mg dmmg 24hour» 
on another day, when the mtake was deiived solely fiom the diet ^ 
IV) It IS unlikely, therefoie, that the mgestion of glycme would grea } 
augment this figure The pei cent of the dose which appeals m the uime 
(less than 1 pei cent) is less than the values lepoited foi the excretion 
other ammo acids In dogs, 16 per cent of the ammo N of a casern i) 
drolysate is excieted withm 1 hour (16), and, ivhen pure ammo ncid jni^ 
tuies are given orally and mtravenously, 3 to 5 pei cent and 2 to P 
cent, lespectively, are excieted in the mine (17) The reason foi the sma 

* Although Ratner et al (21) have recently described a specific enzyme, 
in many ammal tissues, which converts glycine to glyoxyhc acid by o\ida iv 
nation, there is no evidence that this occurs in intact tissues 
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excietiou of glycme folloAvmg its ingestion may well be a reduction m 
glomeiulai filtration consequent to elevation of the plasma glycme con- 
centiation (24, 25) It should also be noted that of the foui ammo acids, 
glycine, alanine, glutamic acid, and arginine, the rate of renal tubular 
leabsorption is highest for glycme (25), which also may account for the 
lelatively small excretion of tins ammo acid m urme 
The average amount of glycme excreted m the uime m 24 hours is 120 
mg (Table IV) The variation from mdividual to mdividual seemed m- 
dependent of the sex, the volume of urme passed, its specific gravity, and 
the composition of the diet (carbohydrate, protein, or fat) One subject 
(A R ), howevei, who excreted 227 mg of glycme, liad mgested the laigest 
number of calories of our series, a large fraction of the calouc intake came 
from protem and fat 


Table IV 


Glycine Excretion in Normal 24- Hour Urine 


Subject 

Urine volume 

Glycme 

Total glycine 

Calorics ingested 


cc 

7 per cc i 

ms 


G G, d' 

1049 

93 0 

97 7 



1135 

72 8 

82 6 : 

2223 

N M , $ 

2350 i 

63 8 

148 0 

1656 

W B , cf 

1065 

115 0 

; 122 5 

1953 


945 

109 2 

103 1 

1432 

I E , 9 

930 

117 4 

109 2 

1635 


1330 

93 8 

124 8 

1530 

L R, $ 

j 755 

127 2 

96 2 

1643 

G L, 9 

1 1173 

75 0 

88 0 


A R , c? 

1158 

196 0 

227 0 

, 3011 

Average 

119 9 



Erythrocyte and plasma alanme also rise shghtly follow mg the ad- 
mmistration of glycme (Fig 1), although the change is small, it is signi- 
ficantly outside the limits of error of the analytical method The expla- 
nation of this observation is obscure 
In two cases studied (N M and G L ) the free a-ammo N of the blood 
paralleled the changes m glycme and alamne 1 houi aftei glycme was 
taken, when changes in glycme concentration were maximal, the rise m 
a-ammo N could be accounted for almost completely by the use in gl>cme 
plus alanme At this pomt, the difference between the rise m ammo X 
and the mcrease m glycme plus alanme was 0 4 to 0 5 mg of N Occasion- 
ally thereafter discrepancies of as much as 1 83 mg of X weie obseived 

We are mdebted to Miss Norma Miller for technical assistance 
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StJMIVIARY 

1 The concentiations of glycine, alanine, and free a-amino acid nitrogen 
in normal blood, plasma, and red blood cells have been estabhshed 

2 Glycme plus alanme constitutes 16 8, 24 1, and 12 3 pei cent of the 
ammo N m whole blood, plasma, and eiythrocytes respectively 

3 Followmg the mgestion of glycme, the concentration of this ammo 
acid m the blood mcreases lapidly, then dechnes, but returns to its previous 
level slowly There is a small concomitant use m blood alanme The 
changes m free a-ammo mtiogen parallel those of glycme plus alanme 

4 The urmaiy excretion of glycme durmg 24 hours, and after its m- 
gestion, IS small 

5 The possible significance of these observations is discussed 
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A IvIICROCOLORIMETRIC METHOD EOR THE DETERMINA- 
TION OF ADVNGANESE IN BIOLOGICAL MATERIALS WITH 
4 , 4'-TETRAMETHYLDIAMINOTRIPHENYL]VIETHANE 

B\ ELIZABETH M G VTES \nd GORDON H ELLIS 

{From the U7iticd States Plants Soilj and Nutrition Laboiaionjy Agricultural Research 
Administration j United States Department of AgnculiurCj Ithacaj New York) 

(Received for publication, January 13, 1947) 

In studies of manganese deficiency in the labbit,^ a method for the deter- 
mmation of this element in small samples of blood seium and other tissues 
was needed The most piomismg of the organic reagents suitable for 
manganese appeared to be 4,4'-tetramethyIdiaminodiphenylmethane, 
which has been used by Harry (1) m a coloiimetnc piocedure and by Mellan 
(2) as a spot test reagent Prehmmaiy tests showed that 4,4'-tetra- 
methyldiammotnphenylme thane is approximately 10 times as sensitive 
as the diphenyl compound, consequently this investigation was limited to 
the triphenyl compound 

The method consists of a penodate oxidation of manganese to per- 
manganate with subsequent development of a yellow color by the leaction 
of peimanganate and 4,4'- tetiamethyldiammotriphenylme thane 

Factors mfliiencmg the reactions mvolved were found to be the kmd and 
concentiation of acid used, the concentration of periodate, and the tempera- 
tme and tune of leaction between the reagent and permanganate An 
acid mixture of 0 6 N m HNO3 and 3 2 N m H3PO4 was found to be satis- 
factoiy The concentration of periodate is kept suflSciently constant by 
measiumg the required amount of sodium periodate with a bowl-shaped 
glass scoop 

Oxidation of the leagent by peuodate is appieciable at a tempeiature 
of 90-100° and is shght by peimanganate at temperatuies of 20-40° If 
the reagent is added to the peimanganate-peiiodate solution at 75-85°, 
the leaction with the penodate is not appieciable, while the reaction with 
permanganate is sufficient to yield a good coloi A temperature of 80° 
was therefoie chosen as most suitable 

The measuiement of the final coloi is made by means of a photoelectric 
colorimeter of the Evelyn t3rpe (3) wnth matched test-tubes 18 mm m 
diametei The coui*se of the reaction is followed by notmg the galvanom- 
eter readmg, and the lowest per cent transmittance is taken as the final 
reading 

1 Elhs, G H , Smith, S E , and Gates, E M , unpublished work Smith, S E , and 
Ellis, G H , unpublished work 
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Method 

Reagents — 

Water Redistil water from an all-Pyre\ still 

Nttrtc acid Redistil all mixtuie of c p concentrated HNOj and i\ater 
from an all-Pyrex still 

Phosphoi ic acid c p , 85 per cent Different bottles of the same lot 
as well as different lots of phosphoric acid from the same company have 
been found to vary considerably m their manganese content Choose a 
supply givmg a low blank 

Acid mixture To GOO ml of 1 n HNOj (redistiUed), add 75 ml of 85 
per cent H3PO4 and make to 1 hter with redistiUed water 

Sodium 'periodate The grade supphed by the Eastman Kodak Company 
IS satisfactoiy 

Color leagent Make a 0 1 per cent solution of 4 ,4'-tetramethyldlammo- 
tllphenylmethane m 5 per cent, by weight, H3PO4 The reagent, as ob 
tamed from Eastman, can be used without further purification Tins 
solution should be prepared daily and must be absolutely colorless 

Standai d manganese solution Dissolve 0 144 gm of c P potassium per 
manganate m about 100 ml of redistilled water and leduce ivith sulfur 
dioxide, as suggested by Richards (4) Boil off the excess sulfur dioxide 
and, aftei coolmg, dilute to 1 hter 1 ml of this solution contams 0 05 
mg of manganese, and a suitable workmg standard is prepared weekly 
from this stock solution 

Preparation of Samples Bones — Ash m a covered poicekm or sibca 
dish for 18 hours at 600° Add suflScient 1 1 HNO3 (redistilled) to dissolve 
the ash and evaporate to dryness on a hot-plate Reash at 600° for another 
18 houis Repeat if necessary to get a white ash 

Blood 0) Blood Sei um — Dry the sample m a porcelam or silica dish m 
a drying oven or on a steam plate Start with a cool furnace, raise the 
tempeiature giadually to 600°, and hold for 18 hours Add 3 ml of 1 1 
HNO3, take to dryness, and reash at 600° for a few hours 

Liver — It IS usually diflSicult to ash liver, and a few ml of 20 per cen 
magnesium nitrate added to the sample prior to ashmg are helpful 
at 600°, as above It is sometimes necessary to resort to three ^ 
treatments before a white ash is obtamed 

Procedure 

Dissolve the ash m the least possible volume of the nitnc-phosphoric 
acid mixture, warming gently to hasten solution Transfer an ahquo ^0^ 
this solution contammg 0 05 to 0 5 7 of manganese to a 20 ml g 
stoppered test-tube, make to 10 ml volume with the acid mixture, an 
50 mg of NaI04 (a glass measurmg scoop is suflSciently accurate) 
for 1 5 hours m a boihng water bath Transfer two 3 ml ahquots to co 
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xmeter tubes, cover with an inverted micro beaker, and place m a water 
bath held at SO ± 1 0° for at least 10 minutes Remove a tube from the 
bath, immediately add 3 diops of the 4,4'-tetramethyldiammotnphenyl- 
methane solution, shake gently foi 5 seconds, place m the coloiimeter, and 
note the mmimum galvanometer readmg The filter used is made up of 
Corning standard thickness Filters 3387 and 3962 and half standard tluck- 
ness Filtei 5113 A complete set of standards must be run simultaneously 
Reagent blanks should read 90 per cent transmittance or higher 

DISCUSSION 

The determmation is most conveniently carried out by, two persons, one 
to operate the colorimeter and record the results and the other to prepare 
the samples for the colorimeter 

Contammation is a bi& factor m reproducibihty, samples should be cov- 
ered at all tunes to be protected from dust Durmg ashing Pyrex watch- 
glasses may be used All glassware should be cleaned just pnor to use 
\Mth hot concentrated HNO3 and nnsed with distilled water, followed by a 
small amount of redistilled water Before the initial reading and be- 
tween subsequent readings the colorimeter tubes should be cleaned by 
nnsmg with distilled water, followed by hot acid-mu.ture to which NaI04 
has been added After drammg, the tubes are ready for use 

If samples are too concentrated, it is unnecessary to repeat the entire 
periodate oxidation if the sample is diluted with acid-mixture which has 
been boiled with NaI04 The diluted sample is then heated for 10 mmutes 
in the boilmg water bath before aliquotmg 

Upon addition of the reagent, the rate of development and of fading 
of the yellow color depends upon temperature, hght mtensity, and con- 
centration of manganese When the reaction is earned out according to 
the procedure described above, maximum color of the blanks develops m 
about 3 mmutes, upon addition of the reagent, and then remams constant 
for about 5 more mmutes Standards containing 0 5 7 of Mn per 10 ml 
reach a maximum color m about 30 seconds and remam constant for about 
45 seconds more The rate of color development and fadmg is the same 
with standard manganese solutions or with samples of bone, hver, Canada 
field pea hay, blood serum, and milk, mdicatmg that interfermg substances 
are absent from these materials 

Smee the color reaction is mfluenced by strong hght, this work was carried 
out in a darkened room mth the light covered by yellow cellophane ^ After 
fading for a half-hour or so, the yellow color remaining is stable for at 
least 20 hours This stable color, however, did not prove as satisfactory 
for quantitative work as the maximum color 


» No 300 PRC tango, du Pont 
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Various organic solvents bsted in Table I will e\tiact the yellow color 
and 3aeld a blue solution in the non-aqueous phase, or, m the case of some 

Table I 

Color Reactions with Organic Solvents 

An equal volume of solvent added to a deep yellow-brown solution produced by 
the reaction of permanganate and 4,4'-tetramethyldiaminotriphenylmethane 


Solvent 


Reaction 

Single phase 



Ethanol 

Colorless 

Acetone 

No change 

1 4-Dio\ane 

Clear blue 

Pyridine 


(( (( 

Isopropyl alcohol 


tt 

Double phase 

Aqueous phase 

Solvent phase 

Skellysolve 

YelloN\ 

Colorless 

Xylene 

it 

tt 

Carbon tetrachloride 

if 

it 

Diethyl ether 

(( 

it 

Isoamyl acetate 

it 

tt 

Cyclohexane 

a 

it 

Benzene 

Deep yellow 

Faint blue 

Chloroform 

Faint “ 

Blue 

Isobutyl alcohol 

Colorless 

a 

Cyclohexanol i 

Yellow 

tt 

Toluene 

Deep yellow 

Faint blue 

Ethylene di chloride 

Colorless 

Blue 


Table II 

Comparison of Manganese Values on Vanous Materials by Periodate and 


4 1 4^~P^l'Tameihyldiaimnoiriphenylmeihane Methods 


Sample 

Periodate method 

4,4' Tetramethyldiammotripheayi 

methane method 


y per sm j 

y per gm 

Soy bean hay 

69 0 ' 

70 0 


57 5 

59 8 


55 5 

56 4 

Liver 

0 375 

0 385 

Bones 

3 13 

3 43 


2 77 

3 35 


16 4 

16 4 


7 88 

8 72 


11 8 

12 8 


14 4 

14 4 


6 71 

6 71 

1 

1 

11 6 

10 6 
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^^ater-mlsc^ble solvents such as isopiopyl alcohol and 1,4-dioxane, a blue 
homogeneous solution is pioduced The mtensity of the blue coloi is 


Table III 


Recovci les of Added Ma7iganese 


Sample 

10 ml solution 

Added 

Found 

Reco\ery 

i 

7 

7 

■BB 

per cent 

Liver 

0 094 

0 050 






BEB 

102 0 




BUB 

112 0 

Soy bean hay 

0 215 


BEB 

95 0 



BUB 

B^B 

i 90 0 

Bone 

0 170 

1 0 200 

0 350 

i 90 0 


Table IV 


Companso7i of il/anganese Values on Bone iSamplcs Analyzed oti Di^erenl Dales and 

with Different Aliquots 


Bone No 

^pr IS 1946 

Apr 18 1946 

Ahfiuot analyzed 

Mn per 10 ml 

Aliquot analyzed 

Mn per 10 mi 


ml 

7 

ml 

7 

1 

5 

0 134 

10 

0 137 

6 

3 

2 160 

1 

2 630 

2 

5 

0 100 

10 

0 no 

7 

3 

1 720 

1 

1 670 

9 

5 

0 116 

10 

0 115 

12 

3 

0 790 

3 

0 783 

16 

5 

0 118 

10 

0 109 

19 1 

3 

1 425 

3 * 

1 265 

20 

5 

0 168 

10 I 

0 169 

23 

3 

1 465 

i ^ 

1 483 

35 

5 

0 160 

i 

0 155 

37 

3 

Over 2 7 

1 

3 560 

45 

5 

0 118 

10 

0 128 

48 

3 

1 400 

3 

1 435 

47 

5 

; 0 150 

10 

0 148 

49 

3 

2 310 

1 

2 810 

50 

5 

0 062 

10 

0 086 

51 

3 

1 345 

3 

1 355 

53 

5 

0 088 

10 

0 086 

54 

1 ^ 

1 000 

3 

0 980 


roughly propoitional to that of the yellow color and is somewhat more 
mtense If the need should arise for a more sensitive method, the use of 
such orgamc solvents offers a possible solution 
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Results 

The validity of the method was tested by a comparison with the periodate 
method (5), as shown m Table II Smce results by the two methods Mere 



Fig 1 Spectral transmittance curves for 4,4'-tetrametliyldiaminotnphenyI 
methane with manganese and the filter combination used in the determination of 
manganese Curves were determined on the stable color with the Beckman spectro 
photometer ^\lth 1 cm cells Curve A, reagent blank, Curve B, 0 2 y of manganese 
per 10 ml , Curve C, 0 St of manganese per 10 ml , and Curve D, light transmitte 
by combination of Corning filter Nos 5113 (0 5 standard thickness), 3387, and 39 
(standard thickness) 

m good agreement, no extensive tests for interfermg substances were made 
However, negative results were obtamed with the following substances 
iron, lithium oxalate, lead acetate and nitrate, copper acetate and sulfate, 
ammonium hydroxide and sulfate, magnesium sulfate, and silver mtra e 
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The following substances gave a yellow color chromium tnoxide, 
ammonium vanadate, ceric ammonium sulfate, and ceiic sulfate The 
chloride ion also mterferes and all samples contammg chlonde must be 
evaporated to dryness with 1 1 HNO3 Cerium and vanadium aie not 
likely to be present m biological matenal to any appreciable e\tent, but 
care must be taken not to use glasswaie cleaned m chromic-suKuric acid 
cleanmg solution 



MANGANESE CONCENTRATION 
MICROGRAMS / 10 MILLILITER 

Fig 2 Typical manganese standard curve 

Recoveries of manganese added to various materials langed from 90 to 
112 per cent (Table III) The data of Table IV show the repioducibility 
of the method earned out on different days ^Mth different sized ahquots 
of bone samples 

The manganese method of Wiese and Johnson (6) was found by the 
authors to give erratic results when applied to samples contammg lebb 
than a few micrograms of manganese This is beheved to be due m part 
to the difficulty found in obtaining samples of sodium bismuthate gi\ mg 
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a sufficiently low blank and in pait due to contamination of the sample 
during filtration Of six lots of sodium bismuthate obtamed from vanous 
souices, only one gave a leasonably lo^\ blank, but even m this case the 
blank was consideiabl}^ gieatei than that obtainable m the piesent pro- 
cedure 

The absoiption cui\e foi the yello^^ coloi, as determmed with a Beckman 
spectrophotometei, is shovm m Fig 1 The tiansmission of hght by the 
coloi imetei filtei combmation is also shoivn m Fig 1 
The standard cuive m Fig 2 shovs that Beei’s law is not followed 

STTMaURY 

A microcoloiimetnc method for the determination of manganese m 
biological materials with 4,4'-tetiamethyldianunotriphenylmethane is 
presented Results obtamed by this method are comparable with those 
obtamed by the periodate method, and satisfactory’' lecoveries of added 
manganese are shown The method is sensitive from 0 02 to 0 5 7 of iMn 
per 10 ml of solution, and lesults are leproducible on different days 
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THE UPTAIvE OF RADIOACTI\T5 PHOSPHORUS BY THE 
CALCIFIED TISSUES OF NORMAL AND CHOLINE- 
DEFICIENT RATS* 
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(Received for publication, February 3, 1947) 

In this laboiatoiy tn vivo studies of the uptake of phosphate containing 
ladioactive P^- bone suggested that there is an appieciable ionic ex- 
change between bone and the cuculating fluids (1) In a new series of 
experiments designed to obseive the effect of dietaiy cholme on bone me- 
tabohsm, radioactive phosphorus, was again employed The newly 
acquired data have led to a leexamination of the magnitude of the ionic 
exchange piocess and have peiTHitted a moie accuiate description of the 
mechanism by which radioactive phosphoius is tiansferied fiom the plasma 
to bone 


EXPERIMENTAL 

Two groups of fifty male and two gioups of fifty female rats were weaned 
and placed on an adequate synthetic diet (2) Young rats vere employed 
because they are particulaily susceptible to cholme deficiency (3), and thus 
represented the type of experimental animal most likely to show bone 
changes 

After 24 hours on the control diet to accustom all of the animals to a 
synthetic provision, one gioup of fifty males and one gioup of fifty females 
were placed on a cholme-deficient diet The cholme-deficient was the same 
as the noimal diet, except for the exclusion of the cholme supplement and 
the inclusion of 0 5 per cent guanidoacetic acid 

After 3 days on the synthetic provisions all animals weie mjected mtia- 
pentoneally ivith moiganic phosphate containing and sacrificed in 
groups of five at mteivals rangmg from | to 16 houis after the injection 

The femuis ivere lemoved and dissected fiee of flesh, the diaphyses were 
grossly separated from the epiphyses and the metaph3’'ses (heiemaftei 
designated femur ends), and the material from each gioup of five rats was 
pooled The pooled samples, after consecutive 24 hour extractions with 

♦The work described in this paper was done m part under a contract, recom- 
mended by the Committee on Medical Research, between the Office of Scientific 
Research and Development and The University of Rochester Preliminary phases of 
this study were supported by a grant from the Nutrition Foundation, Inc , New York, 
toH C Hodge 
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RADIOACTIVE P UPTAKE IN BONE 


ethyl alcohol and ether, were ashed by boiling m 3 per cent potassium 
hydroxide in ethylene glycol to dissolve the orgamc matrix (4) Each 
sample of bone ash was dried to constant weight at 120° after washmg with 
boilmg watei The diied samples weie dissolved in 2 N hydrochloric acid 
and diluted to suitable volumes foi phosphorus (5) and radioactivity analy- 
ses Radioactivity measuiements were made on Bale immersion type, 
scale-of-foui, Geigei -Muller counters (6) The acid-soluble inorgamc 
phosphoms fiom pooled blood samples of each group of five rats was isolated 
as the strychnine molybdate (7) for analysis and radioactivity measurement 

The measurements were expiessed as “specific activity coeflScients^^ 
winch are equal to the counts per mmute pei gm of phosphorus divided 
by the counts per mmute admmistered per gm of body weight 

Results 

In vitro studies m this laboiatory^ have mdicated conclusively that the 
inorgamc substance of bone is capable of exchangmg phosphate when sus 
pended m a medium contammg dissolved phosphate With the available 
experimental methods, it is impiactical to avoid such contammation of the 
moiganic phase of bone wuth high activity phosphate present m the tissue 
fluids w^hich bathe the whole bone It was necessary, theiefore, to mvesti- 
gate the magnitude of P^- exchange which occuis durmg the ashmg piocess 

The femurs of tw^o lats w eie fieed of adhenng matter, covered wnth 25 ml 
of 3 per cent potassium hydi oxide m ethylene glycol, and allow^ed to simmer 
foi 90 mmutes Then, 0 5 ml of an aqueous solution containing radioactive 
phosphate (10,000 counts per mmute = 2 7 of phosphoms) w^as added and 
the solution allowed to simmei foi anothei 90 mmutes The supernatant 
was decanted and the ashed bone washed repeatedly with small portions of 
distilled water The w ashmgs were added to the glycol solution and made 
to a convenient volume The ashed bone was dissolved m approximately 
2 ml of 3 N hydrochloiic acid and made to volume Both the glycol and 
the solutions of bone ash were analyzed for phosphoms and radioactmty 
The lesults aie piesented m Table I From the data repoited m Table I, d 
can be seen that w hen the mitial radioactivity of the ash = 0 (]ust at the 
time of addition of the tracei) and the radioactivity of the phosphate m the 
glycol = 10,000 counts pei mmute (just at the time of addition of the 
tiacer), further glycol treatment transfers on the average 25 per cent of the 
activity to the ash phase 

If it IS assumed that the phosphate extracted by glycol has the same spe- 
cific activity coefficient as that of moigamc phosphate of blood (a maximum 
value), a coirection can be apphed to results from in vivo experiment-^ 0 

1 Falkenheim, M , Hodge, H C , and Neuman, W F , unpublished work 



W P NEUMAN AND E P KILDY 


547 


reduce the error introduced by the transfer of activity duimg glycol extrac- 
tion by means of the foUoM mg equation 

Counts per minute in bone ash —0 25 (specific 

activity of blood inorganic P X mg P in glycol) 

; ; corrected specific activity 

alg F in bone ash r t ^ 

of bone ash 

t/ptoA-c of bij Femin of Young Normal Rat^— The radioactivity meas- 
urements obtamed fiom the study of the inoiganic phosphate of blood and 
of the two portions of femui are piesented in Fig 1 Both corrected and 
uncorrected data are given During the first few hours the specific activity 
coefficient of the circulatmg inoiganic phosphate fell very rapidly By 16 
houis, the specific activity coefficient was decreasing quite slouly On the 
other hand, activity appeared quickly in the phosphate of both portions of 


Table I 

Distribulton of Radioactive Phosphate between Bone Ash and Glycol Soluble Material 


Femur ash 

U’eight i 

Femur ash P 

Glycol P 

Total added in 

bone ash 

mg ! 

ms 

mg 

per cent 

36 4 1 

5 87 

1 0 62 

34 9 

35 7 

5 79 

! 0 56 

24 5 

25 7 ! 

4 08 

0 61 

1 16 0 

28 0 j 

4 41 

0 56 

24 S 

Average 

25 0 


bone, but the level remained high and relatively constant m spite of the 
concurrent rapid fall m the activity of the morganic phosphate of blood 
The important difference between the corrected and uncorrected data 
which are presented m Fig 1 is the slower rise in the coirected activity of 
the phosphate of bone ash m the early tune peiiods 

Uptake of by Femur of Young Chohne-Dejicient Rats — To provide 
comparisons between control and deficient animals iiith lespect to both 
sex and uptake of radioactive phosphoius, the data obtained on choline- 
deficient rats are plotted m Fig 2 All specific activity coefficients have 
been corrected for error contributed by the extraction ith ethylene glycol 
(vzde supra) It is evident from these data that theie are no consistent 
effects of mild choline deficiency on the uptake of radioactive phosphate by 
bone of either sex 

In an earlier experiment, the results of which have been reported else- 
where (8), another group of rats in an extreme state of cholme deficiency 
was examined for differences of uptake of radioactive phosphorus Both 
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the tibias and femurs of the chohne-deficient animals sho^\ed only slightly 
but consistently lowei isotope levels than those pf the contiols At the 
same time the isotope levels of the circulating blood of the deficient animals 
weie somevhat highei than the contiols We now considei that the ad- 



Fig 1 Graphs showing the relationships between the concentrations of labele 
phosphate in blood, femur ends, and femur shafts and time ifter administration of the 
isotope The activity of labeled phosphate is expressed as the specific activity coein 
cieut which is equal to counts per minute per gm of phosphorus divided by counts per 
minute administered per gm of bod> w eight The solid circles and solid squares for 
femur ends and shafts are observed values, the open circles and open squires are c*i 
culated values corrected for exchange during glycol ashing 

vanced kidnej’’ dysfunction and the moiibimd state of the ex'peiiniental 
animals mvahdated the lesults 

State of Calcification of Choline-Deficient Rats — Smce the ladioactivi > 
lesults aie mcon elusive, coiollaiy data have beep exammed to evaluate 
effect of cholme deficiency on bone metabolism The body weight changes 
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aud the weights of the inoigauic abh of the femui and tibia of rats made 
more be\ eiely deficient iii the eailiei evpeiiment aie piesented in Table II 



Fig 2 Data sho\\ mg the lack of an effect of mild choline deficiency on the uptake 
of labeled phosphate by femurs of male and female rats c?* and 9 denote normal 
animals, the solid symbols, deficient animals Ml data are calculated values cor- 
rected for exchange during glycol ashing 


Table II 

Body Weights and Weights of Inorgantc Ash of Femurs and Tibias of Normal a?id 

5 Day Chohne-Deficient Rats 


Group 

>40 of 

Body weight 

Femur 

Tibia 

animals 


pjual 

Gam per 

5 da3rs 

j4sb weight 

Ash u eight 

Ash weight 

Ash weight 



fim 

gm 

gm 

gm 

per cent of 
body wcisht 

sm 

per cent of 
body Jicight 

Control 

16 

33 8 

43 4 

9 6 

0 0282 

0 634 

0 0263 

0 615 

S D * 




2 2 


0 072 


0 040 

Deficient 

15 

34 2 

39 3 

1 5 0 

i 0 0284 

0 738 

0 0297 

0 757 

s r> ♦ 



! 

2 5 


0 046 


’ 0 053 


* Standard deviation of the mean 


These data iliustiate the comparative states of calcificatioii m the normal 
and 5 day-deficient lat 

The average weights of the femur and tibia of the deficient animals tv ere 
equal to oi shghtly greatei than those of the controls This mdicates that 
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the femur and tibia have giowu at a normal rate in spite of the general inani- 
tion of the deficient animals Thus, we have obtamed no direct evidence 
of an effect of acute cholme deficiency on the calcification of bone m the rat 


DISCUSSION 


These data on the uptake of by bone aie qualitatively similar to those 
of Manly et al (1) and Cohn and Gieenbeig (9) The previous work indi- 
cated that a lapid eqmhbiation occurs between the phosphate of blood and 
that of bone However, the method of admmistratiou (oral) and the time 
penods chosen foi study (the earkest bemg 2 hours) prevented these workers 
from lecognizmg the extreme lapidity with which this equilibration takes 
place 

Manly et al (1), in picturmg the noimal events which take place in bone 
as interpreted from their data, weie led to assume, ^‘That calcified tissues 
aie composed physiologically of two portions, one of which lapidly comes to 
equilibnum with ceitam blood mmerals The othei portion reaches 
equilibuiim slowly and, by compaiison, exhibits negligible exchange with 
these blood mmerals ” The rapidly equihbratmg fraction Avas designated 
as ^fiabile'" bone, the fiaction with negligible exchange as ‘‘stable” bone 
Also of some impoitance to the present discussion is then observation that 
^‘the relative amounts of labile to stable calcification chffer widely m epiphy- 
ses, diaphy&es, mcisois, and molars ” Further consideiation leads us to 
question the validity of the assumptions of Manly et al relating to labile 
and stable bone, and to piopose a modified pictuie more m keepmg with the 
available data 

While it IS perfectly conceivable that phosphate located m the surface of 
the mdividual ciystals of apatite m the bone can undergo exchange with 
phosphate m the suiroundmg fluid, it would seem thennodynamically ini- 
possible that phosphate m the center of the ciystals could exchange m a 
finite time ivithout complete dissolution of the ciystals themselves “ From 
data m the hteiatuie (10) on the estimated dimensions of the individual 
apatite ciystal it can be calculated that total phosphate of the order of one- 
fifth 01 20 per cent is located m the suiface 

It IS hardly possible that the rapid accumulation of tracer in the bone is 
due to nonnal giowth processes The amount of radioactive phosphorus 
which would appear m the femur ends as a result of accretion would accoun 


2 Primitive Haversian systems are known to undergo degeneration normal y ^ 
some places, and, following degeneration, to give second generation 
terns This process involves the dissolution of apatite crystals and reordering 
organic matrix The magnitude and rate of this combined alteration are 
to accretive processes rather than ionic exchange and decrease throughout t e 


the animal 
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for only about S pei cent^ of the obseived activity at 16 houis Further- 
more, it has been sho^\^l (11) that the specific activity of the phosphorus of 
a huineius whose growth has been hindeied by unilateral section of the 
biachial nerve is identical with that of the normally growmg, contralateral 
humerus m the same animal This situation obtams m spite of an observ- 
able decrement m the rate of accietion of bone salt m the denervated limb 
as compared with that of the normal limb 

Perhaps the simplest explanation of the rapid, mitial uptake of tracer 
foUowmg mtrapeiitoneal administration is that an exchange-adsorption'^ 
occurs between the morganic phosphate of the plasma and the phosphate 
ions m the surface of the bone salt adjacent to the circulatmg fluid Such 
an exchange-adsoiption reaches a steady state very rapidly 

Paneth and Vorwerk (12) obtamed a nearly steady equihbnum m less 
than 1 mmute when finely divided lead sulfate was shaken with a saturated 
solution of the same salt coutammg the lead isotope, thorium B Smce the 
experiments reported here were completed, vitro studies m this labora- 
tory^ have mdicated conclusively that there is a rapid exchange of radio- 
active phosphate of a buffer solution and the phosphate of ashed bone 
powdei suspended in it Calculations based on the data obtained mdicate 
that 15 to 20 pel cent of the phosphate m bone ash is capable of rapid 
exchange 

The assumption that a rapid exchange adsorption exists between a small 
fraction of the bone surfaces and the morganic phosphate of blood explams 
the lapid, mitial uptake of the tracer This assumption alone cannot 
account for a contmued high specific activity of the bone while the specific 
activity of the blood morganic phosphoius is dimmishmg rapidly We 
should expect the specific activity-time curve of the fraction of bone which 
is m rapid equihbnum with blood to be like that represented by Curve II m 
Fig 3 The curve should pass through a maximum at which point the 
blood-bone specific activities aie identical Thereafter, the curve for bone 
should follow the curve for blood, but above it (J13) Correspondmgly, if 
the lest of the bone contained no tagged phosphate, the specific activity- 
time curve for whole bone would be like that represented by Curve IV, Fig 
3, m which each pomt is 5 per cent of the corresponding ordinate of Curve 
II The experimental data (Curve III) m general fall above the predicted 
values 

* Data on the growth of femur in similar rats w ere a\ ailable The figure of S per 
cent IS based on two assumptions, (a) all femur growth took place in the femur end, 
and (6) the phosphate newly acquired had the same average specific activity coefTi- 
cient as did the inorganic phosphate of plasma during the time interval considered 

* By the term “exchange adsorption, “ a net change m the amounts of phosphate in 
the soluble and insoluble phases is neither implied nor excluded 
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There are t\vo possible explanations for the observed data repiesentedby 
Curve III Either (a) the nutial exchange is irreversible, m which case the 
rate of accretion of bone salt would be far greater than is actually observed 
as due to groui^h {vide supra), or, more likely, (6) the bulk of the bone is 



Fig 3 Curves showing the activities observed for blood and femur ends and the 
activities expected if only a small portion of bone were in rapid equilibrium with the 
circulating fluids Curve I is a plot of the obser\ ed activities of the inorgamc phoa 
phate of blood Cur\ e II is a plot of the theoretical values expected (13) for the por 
tion of bone in rapid equilibrium w ith blood Curve III represents the observed ac 
tivities for the phosphate of femur ends Curve IV is the expected curv e if 5 per cent 
of the phosphate in the femur ends were in rapid equilibrium with blood 

capable of equilibrating slovly with the surface phosphate of high activity, 
resulting in slov diffusion of active phosphate mto the less accessible regions 
of the bone Thus, the surfaces of the crystals of bone salt adjacent to the 
circulating fluid are m very lapid equihbrium vnth the cuculatmg inorganic 
phosphate, and the eqmlibiium becomes piogressively slower (with lespec 
to circulating moiganic phosphate) vnth mcreasmg distance from the circu- 
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lation We would suggest that the difference between exchangeable and 
non-e\changeable phosphate is not the result of differences in physiological 
function but lather in location Only phosphate located in the surfaces of 
the apatite ciystals can exchange Further, it is not necessary to conclude 
that the exchangeable fraction varies in magnitude in different bones 
This concept leads to the conclusion that all calcified structuies contam the 
same amount of exchangeable phosphate pei unit weight of bone salt (pro- 
vided the apatite crystals are smiilai m size) Differences in uptake of 
radioactive phosphorus between different bones can be attnbuted to differ- 
ences m late of exchange The rate of exchange will be dependent upon 
the lelative number and size of the blood vessels, marrow spaces, Haversian 
systems, etc , present in the stmcture under consideration It follows that 
any condition which affects the general circulation (hemoconcentration, 
altered blood volume, capillary damage, etc ) will affect the uptake of radio- 
active phosphate by bone and that an altered uptake by bone does not 
necessarily indicate a direct effect on bone metabolism under such cir- 
cumstances 

It is evident that whatever the physicochemical piocess involved, the 
simple exchange of ladioactive phosphate between bone salt and blood is of 
such a large magnitude that radioactive phosphorus is an unieliable mdi- 
catoi of bone growth m experiments of short duration 

The magnitude of the exchange of radioactive phosphate and the rapidity 
with which exchange takes place serve to emphasize the dynamic behavior 
of the calcified tissues Bone cannot be considered to be a stable system 
in which the morganic phase is mert Rather, the apparent stability of the 
skeletal system can be attributed only to an extremely efficient control of 
the morganic composition of the circulating fluids Indeed, there are 
numerous references m the clinical hterature to severe disturbances of flmd 
balance, acid-base balance, etc , which may result m very rapid mobiliza- 
tion of calcium and phosphorus fiom the bone 

Smce the level of isotopic phosphate m blood is largely determined by the 
rate of exchange betu een bone and the circulating fluids, it follows that the 
late of appearance of labeled phosphate in all metabolic compounds con- 
tainmg phosphate such as phosphohpides, nucleoprotem, and phosphate 
mtermediates m carbohydrate metabohsm, etc , will be mfluenced by the 
exchange process 

smaiARY 

There is an initial, lapid entrance of labeled phosphate mto the bones 
followmg admmistration of a trace amount of the isotope Most of this 
isotopic phosphate is temporarily “fixed” m the bones by an lomc exchange 
between the fluids and the apatite crystals The mechanism of this ex- 
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change is discussed The magnitude of the exchange seriously detracts 
from the usefulness of labeled phosphate as a tracer m studies of bone 
deposition 

Sex ere chohne deficiency m the albmo rat did not alter the uptake of 
isotopic phosphate by the femur to any marked degree A mild deficiency 
sho\\ed no effect 

A comparison of the average ash eights of the femurs and of the tibias 
from chohne-deficient rats ^\uth correspondmg- tissues from their control 
animals sho^^ s that these bones hax e growm normally m spite of the general 
manition 

The authors are pleased to acknowledge the able assistance of Miss E 
PhyUis Fox and are grateful for profitable discussions w ith Dr H C Hodge 
and Miss Fox We are mdebted to Miss Betty Mulryan for technical as- 
sistance and to W Schultz and the R J Strasenburgh Company, Rochester; 
Xeiv York, for the preparation of guamdoacetic acid 
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EFFECT OF VITAMIN B, DEFICIENCY ON THE ABILITY OF 
RATS AND MICE TO CONVERT TRYPTOPHANE 
TO N^-METHYLNICOTINAMIDE AND 
NICOTINIC ACID* 

By B S SCHWEIGERT and P B PEARSON 
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of Agriculture, Agricultural and Mechanical College of Texas, 
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Recent studies show that the albino lat, pig, horse, and cotton-rat can 
convert dietary tryptophane to nicotinic acid or its methylated derivative, 
N^-methylmcotmamide (1-4) The ingestion of high amounts of trypto- 
phane, eithei as the free ammo acid or as casern, accentuates a deficiency of 
vitamm Be m the rat and moie stnkingly so m the mouse (5, 6) The 
amount of xanthurenic acid excreted by the vitamin Be-deficient animal is 
markedly mcreased when high levels of tryptophane are fed (5, 6) Con- 
currently, there is a much more rapid depletion of hepatic vitamm Be 
(7) These findmgs suggested that a vitamin Be deficiency may affect the 
metabolic conversion of tryptophane to mcotmic acid and N^-methyl- 
nicotmamide Expenments were carried out to study this effect with the 
rat and with the mouse 


EXPERIMENTAL 

Expenments with Rais — ^Weanhng male and female albmo rats, 35 to 50 
gm m weight, were used m this study Group I received the control diet 
consisting of sucrose 67 per cent, purified casern 24 pei cent, Salts IV 
(8) 4 per cent, and com oil 5 per cent The foUowmg amounts of vitanuns 
weze added pei 100 gm of diet, pyridoxme 250 T) thiamme 250 7, nbo- 
flavm 300 7, calcium pantothenate 2 mg , mositol 100 mg , cholme 100 
mg , and p-ammoben^ozc acid 30 mg Vitamins A and D 11 eie given orally 
Pyridoxme was omitted from the lation for Goup 11 In the first experi- 
ments five animals weie used in each gioup Food and Rafei ueie sup- 
plied ad hhiium 

Aftei the lats had been fed the&e diets for 3 ueeLs, the}" ueie placed m 
metabolism cages fitted with outside feedexs and urine collections were 
made Toluene and 2 5 ml of 2 a hvdiochloric acid vere added to the 

* Acknowledgments are made to Patricia Sparks and Frances Panzer for teclnucal 
assistance, to Dr L R Richardson and Dr R 0 Berry for supplying some of the 
animals, to The Dow Chemical Company for the tryptophane, and to Merck and Com- 
pany, Inc , for the crystalline vitamins 
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receiving flasks as preservatives Urine collections were made for two 
periods of 3 days each The amount of food consumed was measured dur- 
ing the collection periods 100 mg of di-tryptophane weie then fed per 
rat pel day for a period of 3 days The tryptophane was mixed thoioughly 
with a weighed amount of the diet The food mtake foi each gioup was 
restricted slightly m order to assure complete consumption of the trypto 
phane Nicotmic acid was determmed m the urme with Lactobacillus 
arahmosm as the test organism (9) and N^-methylnicotmamide was de 
termmed fluorometncally (10) without hydrolysis of the samples The^e 
determmations were made on the pooled collections for the 3 day penods 



Fig 1 Effect of feeding tryptophane on the urinary excretion of nicotinic acid au 
N^-methylmcotinamide by pyridoxine supplemented and deficient rats Shaded areas 
represent the amounts excreted when the basal diets were fed and the unshaded areas 
represent the amounts excreted when 100 mg of d?-tryptophane were fed in addition 
the basal diets 


This sequence of experimentation was repeated twice with the same 
gioups of animals m order to study the effect of the progiessive vitan^ 
Be deficiency on the excretion of nicotmic acid and N^-methylmcotmaDH 
The results obtained with alteinate periods of feeding the basal diets an 
the same diets plus added tryptophane on the excietion of these two com 


pounds are presented in Fig 1 . 

These data show that a vitamm Be-deficient rat is unable to 
appreciable amounts of the added tryptophane to N^-methylnicotmami e 
nicotmic acid Approximately 5 times as much N^-methylnicotmann^^ 
w^as excreted per day m each of the thiee tests when tiyptophane 
to pyridoxme-supplemented animals as was excreted by the ^ 

mals (2190, 1190, and 1220 y per rat per day m contiast to ^ 

187 7 per rat per day) The group leceivmg pyridoxme and added ry 




B S SCHWEIGERT AND P B PEARSON 


557 


phane e\cieted 254, 192, and 210 7 of nicotinic acid pei rat per day, as com- 
paied to 30, 21, and 17 7 excieted by the deficient gioup also receiving 
added tryptophane The amounts of N^-methylnicotmamide and nico- 
tmic acid excieted ivhen no tiyptophane was added were slightly lower for 
the deficient group It is significant to note that in the 3 day periods 
folio wmg the peiiods of tryptophane feeding the amounts of N^-methyl- 
nicotmamide and mcotmic acid excreted are veiy similar to those befoie 
the ingestion of tiyptophane This has also been observed for the cotton- 
rat and hoise (3) 

The amount of the dietary tiyptophane converted to nicotinic acid and 
N'-methylnicotmamide on a weight basis was calculated When the basal 
diets n ere fed, an average of 0 54 per cent of the tryptophane was converted 
to N^-methylnicotmamide by the pyridoxme-supplemented gioup and 0 64 
per cent by the deficient group When tryptophane was fed to the pyri- 
doxme-supplemented group, an average of 2 1 per cent conversion to N^- 
methylnicotmamide occurred foi the three test periods, howevei, only 0 50 
per cent was converted to N^-methylnicotmamide by the vitamm Be- 
deficient animals An aveiage of 0 3 per cent of the tiyptophane was 
excreted as nicotimc acid when tryptophane was fed to the pyridoxme- 
supplemented animals and only 0 03 per cent by the deficient animals, 
as contrasted to 0 14 and Oil per cent, respectively, when no tryptophane 
was added Thus, not only the actual amounts of N^-methylnicotmamide 
and nicotmic acid excieted by the animals receiving pyiidoxme weie m- 
creased when tryptophane was fed, but the percentage of the ingested 
tryptophane that was excreted was also mcreased In these calculations 
casein was assumed to contain 1 3 pei cent tryptophane (11) and the d iso- 
mer was disregarded in the calculations (see Rosen et al (1)) 

To confiim these obseiwations, a second series of experiments was carried 
out The same diets and experimental procedures were used Four rats 
were used per gioup and urme collections were made after 4 weeks from the 
start of the expeiiment The effect of injectmg an equivalent amount of 
Z-tiyptophane on the excietion of N^-methylnicotinamide, nicotmic acid, 
and of tryptophane was also tested The amount of apparent free trypto- 
phane excieted was determmed microbiologically (12, 13) In these tests 
2 5 ml of a 2 per cent NaHCOs solution vere mjected mtraperitoneally 
twice daily during the basal collection period For the folloiving 2 days, 
2 5 ml of a 2 per cent NaHCOa solution which contamed 10 mg of Z-tiypto- 
phane pei ml were mjected tvace daily The results for the amounts of 
N^-methylnicotmamide and mcotuuc acid excreted per day and also per 
gm of food consumed are shown m Table I 

The results obtamed agree very well with those obtamed m the first 
experiments on the effects of feedmg tiyptophane to the vit amm B5-SUP- 
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plemented and the deficient gioups The differences between the two 
gioups aie clearly not a leflection of the caloiic intake, since on thebasisof 
the excretion pei gm of food a 5- to 10-fold inciease was obtained m favor 
of the pyridoxine-supplemented group ^Yhen tryptophane was fed Much 
smaller amounts of both N^-methylmcotinamide and mcotmic acid A\ere 
excreted when tiyptophane was injected, as contrasted to when it was fed 

Tvbib I 


InfluencQ of Vitamin Bt, Deficiency and Admimstianoa of Tryptophane o?i UMiianj 
Excretion of N^-Methylnicotinamidc and Nicotinic Acid by the Rat 




Collection 

period 

N* Methylnicotinamide 

Nicotinic acid 

Group No 

Dietary regimen 

7 per rat 
per day 

''%r 

consumed 

7 per rat 
per day 

consumed 



days 





I ("4 Vitamin 

Basal 

5 

93 

9 3 

23 4 

2 4 

BO 

“ + trypto- 

phane 

3 

1530 

170 

430 

47 7 


Basal 

3 

181 ' 

19 8 ' 

43 ' 

47 


“ -f trypto- 
phane 

3 

809 

105 

ISO 

23 5 


Basal 

2 

160 

IS 2 

39 

4 4 

i 

-f trypto- 
phane* 

2 

338 

38 6 

95 

10 8 

II (no vitamin 

Basal 

5 

48 

9 9 

9 9 

1 21 

Be) 

1 

“ 4- trypto- 

phane 

3 

1 106 

41 2 

19 7 

7 7 

i 

Basal 

’ 3 

' 59 

i 11 8 

12 7 

2 5 

1 

‘‘ + trypto- 

phane 

1 3 

224 

1 55 0 

i 

34 7 

4 3 


Basal 

2 

88 

16 6 

12 5 

2 4 

1 

'' -f trypto- 
phane* 

2 

154 

32 2 

15 0 

3 2 


* In these tests, 50 mg of Z-tryptophane were given per day by intrapenton^'^^ 
injection In all other cases 100 mg of dZ-tryptophane were fed daily 


Less than 1 pei cent of the injected tiyptophane was excieted m t c 
mine No appreciable diffeience was noted between the pyiidoxme sup 
plemented and deficient groups Thus it appears that tryptophane ^ 
rapidly metabolized to miciobiologically mactive compounds when mjec e 
or fed orally as casern (13) both by normal and pyiidoxme-deficient ra ^ 

ThevitaminBe-supplementedammalsgiewataiateof 20gm ^ 

while the deficient animals grew at a rate of 10 gm per week for t le 
4 weeks After this period, the latter group reached a plateau m 
Experiments with Mice — Expeiiments similar to those condiicte i 
lats were also conducted mth. albino mice In the first experimen a 
mals which weighed 16 to 20 gm were used In the second experim 
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weanling mice (7 2 to 9 5 gm ) weie used Foui to si\ mice were m each 
gioup and weie fed the same diets as desciibed for the lats Uime collec- 
tions weie made aftei 2 weeks on e\peiiment and the same procedures foi 
feeding and mine collections weie used, e\cept that each mouse received 
50 mg of di-tiyptophane pei day Smce the mice scattered consideiable 
food, no attempt has been made to calculate the amounts of N^-methyl- 
nicotinamide and nicotinic acid excieted pei gm of food consumed 
Contamination of the unne with the lation does not negate the validity of 
the mcotmic acid deteiminations, since none of this vitamm was added to 
the diet The lesults foi the tw^o expeaments w^eie very similar, theiefoie 
the data have been averaged together and are piesented m Table II 

Table II 

Influence of Vitamin Deficiency and Ingestion of Tryptophane on Urinary Excretion 
of N^'Mcihylnicoiinamide and Nicotinic Acid by the Mouse 


Expressed as micrograms excreted per mouse per day 


Dietary regimen 

Cbliection 

period 

^lethylnicoUnaimde 

Nicotinic acid 





Basal 

days 

5 

14 4 

14 5 

7 9 

4 4 

4- tryptophane* 

3 

63 6 

36 0 


12 5 

n 

3 

18 7 

13 7 

12 8 

0 2 

‘‘ + tryptophane* 

3 

63 0 

33 7 

45 2 


(( 

2 

25 1 

10 6 

12 5 


‘‘ 4- tryptophane* 

3 

84 2 

28 3 

57 2 

4 1 


* 50 mg of di-tryptophane w ere fed per mouse per day 


A 3 5-fold mciease m the amounts of N^-methyhncotmamide and nico- 
tinic acid excieted was observed when tryptophane w^as fed to the mice 
leceivmg pyridoxme The vitamm Be-deficient ammals excreted 2 to 3 
times as much N^-meth^’^lnicotmamide, but no mciease due to the ingestjon 
of tryptophane was obsei\ed m the mcotmic acid values after 4 weeks on 
expenment Fiom these data it is appaient that the mouse lesponded 
qualitatively like the lat 

That a pronounced vitamin Be deficiency w as produced w as evident fiom 
the slow growdh duiing the fiist 4 weeks (0 4 gm per week) and a deeiease 
m w^eight theieaftei The vitamin Be-supplemented gioup grew at a 
noimal rate Quahtatively, a marked mciease m the excretion of xan- 
thurenic acid was observed, paiticulail}^ w^hen tryptophane was fed, which 
IS in accoid wuth the w ork of MiUei and Baumann (5, 6) 

DISCUSSION 

The piesent study shows that w^hen tryptophane is fed, vitamin Be- 
deficient lats and mice have a gieatly reduced ability to convert this ammo 
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acid to nicotinic acid and N^-methylnicotmaimde The role of vitamin Bs 
in this metabolic reaction offeis additional evidence for its importance m 
ammo acid metabohsm The mechamsm by which tiyptophane can be 
converted to nicotmic acid (which is then presumably methylated to some 
extent by the rat and mouse to form N^-methylmcotinamide) remains to 
be elucidated This transformation apparently can be accomplished by 
the rat, mouse, pig, cotton-rat, and hoise The relative mabihty of the 
vitamm Bs-deficient animal to convert tryptophane to mcotinic acid and 
its methylated derivative would suggest that xanthuremc acid cannot 
serve as a precursor of nicotmic acid 

It IS not surprismg that much smaller amounts of nicotmic acid and 
N^-methylmcotinamide weie formed when tiyptophane was mjectcd, as 
compared to when the ammo acid was fed Tryptophane is lapidly re 
moved from the blood of both normal and vitamm Be-deficient lats after 
injection and returns to a normal level within 1 to 2 hours after mjection 
(13) Smce only two injections were made m each 24 houi period, a rela 
tively contmuous supply of tiyptophane during the period was not aclneved, 
as compared to the situation produced when the compound was fed The 
increased excretion of nicotmic acid and N^-methylnicotmamide after injec 
tion indicates that nicotimc acid is formed fiom tryptophane largely by 
synthesis m the tissues rather than by microbial synthesis m the mtestmal 
tiact The rapid mcrease observed m the amounts of nicotmic acid ex 
creted durmg tryptophane feeding and the rapid return to a normal leve 
folloxvmg the feeding of tiyptophane support this view This obsen^ation 
has also been reported m a lecent paper by Smgal et al (4) Briggs an 
associates (14) offer evidence that nicotmic acid may be synthesized m ^ 
tissues of chicks fed tryptophane, while ICrehl et al (15) suggest that t e 
counteraction of the growth depiession due to mgestion of high leve 
corn when rats are fed tryptophane may be due to stimulation of nicotmic 
acid synthesis by tryptophane Thus the mterrelationships of vitamin 
nicotmic acid, and tryptophane m the nutiition of lat and mouse 
strate the complex nature of these metabohc reactions and 
appi caches to further studies on amino acid metabohsm These 
suggest that the beneficial effect of pyndoxine therapy for pellagrum 
be due m part to its influence on the conversion of ingested ti yp oP 
to mcotimc acid 


smiMAEY 

1 The effect of vitamin Be deficiency on the conversion of 
to nicotmic acid and N^-methylnicotmamide has been determme 

rat and mouse . , 

2 When 100 mg of dZ-tryptophane were fed m addition o 
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lation, lats fed pyiidoxine excieted 810 to 2190 7 of N^-methylmcotmamide, 
while deficient animals excieted 180 to 435 7 per day When the basal 
diets wcie fed the ti\o groups excreted 95 to 185 and 45 to 140 7 per day 
of N^-methylmcotmamide, respectively 

3 The excietion of nicotinic acid when tryptophane as fed ranged from 
95 to 430 7 pel lat pei day foi the vitamin Bs-supplemented group and only 
16 to 35 7 for the vitamin Be-deficient gioup When the basal diets were 
fed, 23 to 50 7 and 10 to 24 7 of nicotinic acid were excreted by the two 
groups respectively 

4 When tryptophane was mjected, a 100 per cent mcrease m the excre- 
tion of N^-methylnicotinamide and nicotinic acid was observed for the 
animals fed pyridoxme 

5 Similar effects were obtained when tryptophane was fed to pyridoxme- 
supplemented and deficient mice 

BIBLIOGRAPHY 

1 Kosen, F , Huff, J W , and Perlzweig, W A , / Biol Chem , 163, 343 (1946) 

2 Luecke, R W , IMcMillen, W N , Thorp, F , and Tull, C , J Animal Sc , 6, 408 

(1946) 

3 Schweigert, B S , Pearson, P B , and Wilkemng, M C , Arch Biochem , 12, 139 

(1947) 

4 Smgal, S A , Bnggs, A P , Sydenstncker, V P , and Littlejohn, J M , / Biol 

Chem ,166,573 (1946) 

5 Miller, E C , and Baumann, C A , J Biol Chem , 157, 551 (1945) 

6 Miller, E C , and Baumann, C A , / Biol Chem , 169, 173 (1945) 

7 Schweigert, B S , Sauberlich, H E , Elvehjem, C A , and Baumann, C A , / Btol 

Chem , 165, 187 (1946) 

8 Phillips, P H , and Hart, E B , ^ Biol Chem , 109, 657 (1935) 

9 Snell, E E , and Wright, L D , y Biol Chem , 139, 675 (1941) Krehl, W A , 

Strong, F M , and Elvehjem, C A , Ind and Eng Chem , Anal Ed , 16, 471 

(1943) 

10 Huff, J W , Perlzweig, W A , and Tilden, M W , Federation Proc , 4, 92 (1945) 

11 Greenhut, I T , Schweigert, B S , and Elvehjem, C A , / Biol Chem , 166, 325 

(1946) 

12 Schweigert, B S , Sauberlich, H E , and Elvehjem, C A , Science j 102, 275 (1945) 

13 Schweigert, B S , Sauberlich, H E , Elvehjem, C A , and Baumann, C A , J Biol 

Chem , 164, 213 (1946) 

14 Briggs, G M , Groschke, A C , and Lillie, R J , / Uutr , 32, 659 (1946) 

15 Krehl, W A , de la Huerga, J , and Elvehjem, C A , J Biol Chem , 164, 551 (1946) 



THE COMP.\RATIVE UTILIZATION OF PTEROYLGLUTAMIC 
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The isolation, identification, and synthesis of pteioylglutamic acid fiom 
hver have been desciibed, simultaneously the isolation was reported of 
a compound, “fermentation Lactohacillus casei factor,’’ which upon mild 
anaerobic alkalme hydrolysis yielded pteroylglutamic acid and 2 equivalents 
of glutamic acid (1) This compound has been termed pteroyltnglutamic 
acid (2) 

Studies with chicks on a purified diet deficient m pteroylglutamic acid 
(3) mdicated that pteroyltnglutamic acid, when fed at a level of 0 5 part 
pel million of diet, was not markedly effective m promoting growth or 
preventmg anemia The addition of the lactone of eithei 2-methyl-3'* 
hydro\y-4-hydroxymethyl-5-carboxypyndine (5-pyndoxic acid lactone) 
or 2-methyh3-hydi oxy-4'CarboKy-5-hydi oxymethylpyndine (4-pyridoMC 
acid lactone) together with pteroyltaglutamic acid produced a marked 
gam m weight ovei the controls and was completely effective in the pi even- 
tion of anemia as measured by the hemoglobin level at 3 w eeks In another 
commumcation (4) it Avas reported that pteroylglutamic acid was fulty 
effective for the prevention of anemia without the addition of the lactone 
It A\as suggested (4) that the lactone of 4-pyndoxic acid functioned m an 
enzyme system required foi the bieakdown of “fohc acid conjugates” and 
for the setting free of “folic acid” (pteioylglutaimc acid) 

How^ever, other expenments have mdicated that the chick is able to 
utilize puie pteroyllieptaglutanuc acid (“vitamin Be conjugate”) as effi- 
ciently as pteioylglutamic acid (“vitamin Be”) (5) and that pteioyltri- 
glutamic acid is utilized just as well as pteroylglutamic acid (6) foi hemo- 
globm f onnation m chicks on purified diets wathout the addition of pyridoKic 
acid lactone These experiments w^ere made wnth basal diets differing 
from that employed by the Cornell group (3) The present investigation 
w^as undei taken m an attempt to repeat more closely the expeiimental 
conditions employed elsewhere (3) 

EXPERIMENTAL 

The basal diet w as identical m composition with that described elsew here 
(3) and consisted of starch, w ashed casern, gelatm, salt mixture, soy bean 
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Oil, cellophane, and fortified fish hver oil supplemented with pure vitamins 
and with succinylsulfathiazole, 1 per cent The only known difference was 
that the soy bean oil used in the present investigation did not contain phos- 
phoric acid as an antioxidant 

Day-old New Hampshire chicks were placed in electiically heated battery 
brooders and were fed the expenmental diets immediately Ten chicks 
were used in each group The diets weie mixed in small quantities at 
frequent mtervals and were kept m a refngeratoi Acid-water-washed 
casein was supphed by Di ML Scott 

The follo^vmg supplements, per kilo of basal diet, were used in the first 
experiment Group 1, none, Group 2, 0 5 mg of pteroyltnglutamic acid, 
Group 3, 1 0 mg of pteroyltnglutamic acid, Gioup 4, 0 5 mg of pterojl- 
trig’utamic acid 4-10 mg of 4-p>ridoxic acid lactone, Group 5, 1 Orog of 
pteroyltnglutamic acid 4-10 mg of 4-pyndoxic acid lactone, Group 6, 0 67 
mg of pteroylglutamic acid 

The punty of the pteroyltnglutamic acid was estimated by measurement 
of its absorption of ultraviolet light in aqueous solution at 365 The 
preparation was approximately 95 per cent pure It was obtamed from 
a fermentation product (1) The pteroylglutamic acid pieparation was 90 
per cent puie, and 0 75 mg was used to correspond to 0 67 mg of the pure 
substance This level v as equivalent on a molar basis to 1 06 mg of pter- 
oyltriglutamic acid Pteroyltnglutamic acid and pteroylglutamic acid 
were dissolved in water at a concentration of 0 1 mg per ml , and the 
lactone at a concentration of 1 0 mg per ml The solutions were mcorpo 
rated in the diets Hemoglobin determmations, eiythrocyte counts, 
and hematocrit measurements were made ivith blood fiom a wing vein 
The results of the experiment are summarized in Table I 

Three cases of perosis were noted m seven surviving birds in Group 1 at 
20 days One case of pei osis was simultaneously’ noted in each of Groups 2 
and 4 Pteroyltnglutamic acid appeared to be fully effective m pieventing 
anemia, even when fed at a level of 0 5 mg per kilo of diet, which cor 
responded to only 0 32 mg of pteroylglutamic acid 

The possibihty remained that at a lower level pteioyltiiglutamic aci , 
even if fully utilized, might be only partially effective in preventmg anemia 
and that a condition more sensitive foi measunng the supplementary e e 
of the 4-pyridoxic acid lactone might thus be estabhshed Accoi dingy 
second experiment was earned out 3 months later The following 
piements, per kilo of diet, were used Group 7, none, Gioup ® ^ ^ . g 
pteroyltnglutanuc acid, Group 9, 0 3 mg of pteioyltnglutaimc acid 4- 
mg of 4-pyndoxic acid lactone, Group 10, 0 2 mg of pteroylglutanoic aci , 

Group 11, 0 65 mg of pteroylglutamic acid i i f mic 

The results are summanzed m Table II The level of pteroy g u 
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acid fed to Group 10 was stoichiometncally approximately eqmvalent to 
the level of pteroyltriglutanuc acid fed to Groups 8 and 9 Group 11 as a 
“positive control” group leceived a level of pteioylglutamic acid in excess 
of the lequirement foi growth and hemoglobin formation, this level is in 


Table I 


Respoiisc of Chicks to Pleroyltriglutamic Acid, with and without 4-Pyridoxic Acid 
LactonCy and to Pteroylgluiamic Acid 


Group No ' 

Average weight at 

Hemoglobm at 

Erythrocyte 

count 

Mean cor 
puscular 
volume 

X 10-3 


1 day 

21 days 

28 days 

21 days 

28 days 

28 days 

28 days 


sm 

gm 

gm 

gm per cent 

gm per cent 

mtlltons 
Per c mm 

cu mxcrom 

1 

43 

82* 

74t 

5 0 

1 3 

0 50 

t 

2 

42 

222 

299 

8 7 

8 5 

2 50 

1 02 

3 

44 

252 

344 

8 7 

8 5 

2 65 

0 97 

4 

43 

235 

331 

8 9 

8 5 

2 43 

1 05 

5 

40 

247 

338 

I 8 8 

8 5 

2 59 

1 00 

6 1 

1 

42 

244 

335 

j 8 6 

8 6 

2 73 

0 92 


* Five survivors 
t One survivor 
t Not determined 


Table II 


Results of Second Experiment in which Insufficient Levels of Pleroyltriglutamic 
Acid and Pteroylgluiamic Acid Were Fed in Groups 5, 9y and 10 


Group No 

1 1 

Average weight at 

Hemoglobin at 

Erythrocyte 

count 

Mean cor 
puscular 
volume 

X 10-3 


1 day ' 

j 21 days ' 

28 days 

21 days 

28 days 

28 days 

28 days 


gm 

mm 

gm 

gm per cent 

gm Per cent 

mtlUons 
per c mm 

cu mtcrons 

7 

45 


122 

5 7 

5 0 

1 12 

1 23 

8 

44 


211 

1 8 2 

9 0 

2 62 

0 91 

9 

44 ' 


191 

8 2 

8 2 

1 2 16 

1 0 97 

10 

44 

144 

190 

7 1 ! 

8 1 

1 2 14 

1 00 

11 1 

45 

174 1 

248 

8 9 1 

1 

9 5 

2 87 

0 93 


the neighborhood of 0 4 to 0 5 mg The growth of the chicks m the sec- 
ond experiment was markedly slower than m the first expenment It may 
be speculated that this was due to a dimmished carry over of some un- 
identified factor from the maternal diet m the second experiment Agam, 
the utihzation of pteroyltnglutamic acid appeared to be complete as com- 
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pared mth the coiresponding level of pteioylglutamic acid, and the addi- 
tion of 4-pyrido\ic acid lactone appeared to ha\ e no effect Thiee cases of 
peiosis at 28 days weie obseived m Gioup 7, thiee in Gioup 8, one in Group 
9, two in Gioup 10, and none in Gioup 11 

DISCUSSION 

In a single expeiunent involving a comparison between tivo groups of si\ 
chicks each, it was noted that 4-pyiidoxic acid had a supplementary effect 
on growth and hemoglobin formation when added to a puiified diet con 
taimng pteioyltnglutamic acid No supplementary effect on yeast con- 
centrate was obtained by adding 4-pyndoYic acid (7) 

In anothei investigation (8) it w^as noted that 4-pyridoxic acid lactone 
had no supplemental effect on the action of a suboptimal amount of “vi 
tamm (pteroylglutaimc acid) in piomotmg growth, featheiing, and 
hemopoiesis in the chick This lesult is in agieement with the leport 
published elsewheie (4) and has no beanng on the claim that the lactone 
is concerned with the bieakdowm of pteroylglutamic acid conjugates 
The present series of expenments fails to confiim the lesults published 
elsewhere (3), although an attempt was made to duphcate the diet It 
may be noted, how^evei, that New Hampshiie chicks weie used m the 
present investigation, while white Leghorn chicks w^eie used by the Cornell 
gioup Anothei possibility is that pyiidoxic acid lactone was present in 
some constituent of the diet oi was earned over fiom the eggt> into the 
newly hatched chicks 


sumiARY 

1 Chicks weie found to utilize pteroyltriglutamic acid and ptero}! 
glutamic acid equally well on a molai basis for growth and the prevention 
of anemia 

2 The addition of 4-pyndoxic acid lactone had no measurable effect on 
the utdization of pteroyltiiglutamic acid undei the conditions of the e\ 
periments 

Our thanks are due to Mr Sidney Upham foi synthesizing 2-metb}l 3 
hydroxy-4-caiboxy-5-hydi oxymethylpyndme Hematological observatio^ 
were made by Miss Margaret Belt Dr M L Scott kindly supphe 
punfied casein 
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THE OXIDATION OF PHOSPHORYLATED AND NON-PHOS- 
PHORYLATED SUGARS BY MAMMALIAN LIVER* 

By W W WAINIO 

{From the Department of Physiology^ New York University College of Dentistry, 

New York) 

(Received for publication, January 9, 1947) 

In 1928 Muller (1) reported the presence of a new enz3ane, a glucose oxi- 
dase, in press-juice of Aspergillits mger He subsequently suggested that 
it might be a dehydrogenase (2) , he later showed that it catalyzed the oxi- 
dation of glucose to glucomc acid (3) Harrison m 1931 obtamed glucose 
dehydrogenase from acetone-dried mammahan hver by saturatmg a water 
extract with ammonium sulfate (4) The product of the oxidation was 
shoivn to be gluconic acid (5) and the cytochrome system a hydrogen car- 
rier (6) Muller then resumed his work ivith glucose dehydrogenase and 
demonstrated the decolorization of methylene blue m the presence of a 
catalytic enzyme preparation fiom ox hver when galactose and xylose were 
present as substrates (7) Breusch (8) has more recently reported the 
existence of a n-arabmose dehydrogenase, a glyceraldehyde dehydrogenase, 
and a glycoaldehyde dehydrogenase m cat hver, and the probable existence 
of a D-erythrose dehydrogenase m the same tissue 

Several dehydrogenases attackmg phosphorylated derivatives of hexoses 
have been reported Warburg and Christian (9) foirnd an enzyme m ery- 
throcytes that oxidizes glucose-6-phosphate when methylene blue is the 
carrier The name Zmschenfer merit was given by them (10) to the same or 
a similar hexose monophosphate dehydrogenase obtamed from yeast which 
oxidizes glucose-6-phosphate to phosphoglucomc acid Harnson (11) has 
mdicated the presence of a hexose diphosphate dehydrogenase in muscle 
and liver which operates m the presence of methylene blue 

The experiments reported herein verify the existence of enzymes m lamb 
hver that are capable of oxidizmg n-glucose, n-arabmose, n-xylose, n-lyxose, 
D-glucose-6-phosphate, fructose-6-phosphate, and fructose-1, 6-phosphate 
ivhen methylene blue and diphospho- and tnphosphopyridme nucleotide 
are added to a partially purified preparation 

EXPERIMENTAL 

Preparations 

Lyophilization of Tissues — The hver w’^as obtamed from the kiUmg floor of 
a slaughter-house, and was usually placed m the freezmg compartment of a 
refrigerator for temporary storage withm 1 hour after removal from the 

* Aided by a grant from the John and Mary R Markle Foundation With the 
assistance of Gertrude Quinn and Lowell Lowell 
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animal In the ne\t half hour the tissue was giound, fiozen^ and connected 
to the lyopMizei Lyophilization of 100 gm of fresh tissue was complete 
in from 6 to 8 horns The dry hvei was then stored m a vacuum desiccator 
ovei P2O5 at 5° Lyophihzation was prefeiied to the acetone drying recom- 
mended by Harnson (4) because the lattei method off el's even gi eater 
possibility foi the denaturation of unidentified enzymes 

Harnson’ s Glucose Dehydwgenase and Coenzyme — ^These weie piepaied 
accoidmg to Hariison (12) mth tins exception lyophilized hver was used 
instead of acetone-diied hver 


Partially Purified Lamb Liver Dehydrogenases Preparation A — On the 
1st day 60 to 80 gm of thoroughly dried lyophihzed lamb hvei weie ground 
m a moitar to a veiy fine powdei, mixed m the same contamer with 4 vol- 
umes of ice-cold distilled water, and exti acted m an ice bath for 30 mmutes 
\vith occasional sturmg The mixtuie was centrifuged foi 15 minutes at 
3800 R p jM m 50 ml celluloid tubes The supernatant was poured off 
thiough cheese-cloth and the lesidue leextracted twice moie ivith 2 volumes 
of cold distilled water, with sturmg, foi 15 mmutes The combined super- 
natants weie dialyzed overnight agamst distilled watei at 5^^ 

On the 2nd day the pro tern solution was centrifuged for 15 mmutes at 
3800 R p M The pH was usually found to be between 6 0 and 6 5 and was 
taken to 5 7 with n HCl Followmg centiifugation at 3800 r p m , the pH 
was adjusted to 7 0 with n NaOH 21 gm of (NH4)2S04 per 100 ml were 
added (30 per cent saturated), and the precipitate centrifuged off at 3800 
R p M and discarded 14 gm of (NH4)oS04 per 100 ml (origmal volume) 
weie added to the supernatant (50 per cent saturated) and the precipitate 
centiifuged do'wn (supernatant discarded) and dissolved m 50 ml of cold 
distilled water The protems were agam separated by addmg 17 5 gm of 
(NH4)2S04 (50 per cent saturated) and by centrifugmg for 15 mmutes at 
3800 R p M The precipitate w as dissolved m 50 ml of cold distilled water 
and dialyzed overnight agamst 10 pei cent methanol at 5° 

On the 3id day the solution was centrifuged foi 15 mmutes at 3800 R p ^ 


and the supernatant mixed ^vlth 25 ml of an Al(OH)3 gel (for the prepara- 
tion, see below) Followong centrifugation the supernatant was treated 
with successive portions of Al(OH)3 gel until nearly colorless 01 until 50 
ml of the gel had been used The piotems were eluted ivith successive 20 
ml portions of 0 1 n NH4OH which contamed 17 5 gm of (NH4)2S04 p^r 
100 ml (25 per cent saturated) untfi the gel was neaily colorless or until 8 
ml had been used The combined eluates were dialyzed overnight agamst 


water at 5° 

On the 4th day the solution was lyophihzed m 5 to 8 houm and the 
mg di'y protem stored m a ^ acuum desiccatoi over PoOs at 5° The yie 


ranged between 1 5 and 2 0 gm 

Preparation B — The procedure was as for Piepaiation A, with this e\cep 



W W WAINIO 


571 


tion the protem was dialyzed against distilled water instead of against 
10 pel cent methanol at the end of the 2nd day 

P) eparaiion C — ^The proceduie Avas as in the case of Preparation A with 
these exceptions (1) special piecautions aa eie taken to keep the preparation 
cold at all stages except during the centrifugations Avhen lefrigeration AA’^as 
not available, (2) the 60 to 80 gm of lyophihzed lamb hver Aveie homogen- 
ized in a Warmg blendoi foi 1 minute with 4 volumes of cold distilled watei 
mstead of bemg ground m a moitai, (3) the piotem was dialyzed against 
distilled Avater at the end of the 2nd day instead of against 10 per cent 
methanol 

Al(()H)z gel Avas prepaied accordmg to the method of Willstatter and 
Iviaut (13), 24 mg of Al(OH )3 per ml 

TPN a7id DPN^ a\ ere prepared according to the method of Warburg and 
Chiistian (14) 

Hexose moiiopliospliaie was prepared accordmg to the method of DuBois 
and Potter (15) 

Fiuctose-G-phosphate — ^To 10 gm of the commeicial fmctose-l,6-diphos- 
phate- used m these experiments Aveie added 100 ml of 0 1 n H 2SO4, and 
the solution Avas heated m a AA^atei bath for 15 mmutes at 100® The 
reaction mixture Avas then cooled, put into centrifuge tubes, and precipitated 
Avith 2 volumes of 95 per cent ethanol The piecipitate was centrifuged 
doAvn (supernatant discarded), dissolved m 100 ml of distilled Avater, and 
the solution filtered The salt was precipitated by the addition of 2 vol- 
umes of 95 percent ethanol, and then once more dissolved and leprecipitated 
The preparation Avas finally Avashed successively Avith 60 pei cent ethanol, 
95 per cent ethanol, acetone, and ethei The yield was approximately 6 5 
gm of the Ca salt 

Gliicose-6-pJiosphate aa^os prepared accoidmg to the method of Levene and 
Raymond (16) Avith a modification of the first step, that is, the preparation 
of the diacetone glucose 2 hters of acetone (U S P ) were mixed Avith 20 
ml of H 2 SO 4 (density, 1 84, leageut grade) and to the mixture were added 
250 gm of anhydious CuSO^ and 250 gm of anhydrous n-glucose (c p ) 
The suspension Avas stmed contmuously for 48 hours at 5® Thus is a de- 
partuie from the usual method, AA^hich calls for stirrmg at room temperature 
for24houis The suspension aa as filteied through Whatman No 5papei 
with suction and the clear filtrate neutiahzed Avith approximately 250 gm 
of Ca(OH )2 The resultmg suspension was filteied v ith suction, but mth- 
out the previous addition of charcoal There aa as no evidence of carboni- 
zation or of caiamelization The clear filtrate was concentrated to a yelloAA"- 
ish soUd under reduced pressure and at an elevated bath temperature 

iDPN, diphosphopyndme nucleotide, TPN, tnphosphopyndme nucleotide 

* Schwarz Laboratories, Inc 
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(approximately 50-55°, with an H 2 O pump for reducing the pressure) It 
was unnecessary next to extiact repeatedly with heptane and to decolorize 
with charcoal, smce the resultmg solid was completely soluble m boiling 
heptane and smce, as stated before, it had not carbonized or caramelized 
The yield was appioximately 130 gm , or 30 gm less than the yield in the 
origmal method 


Table I 

Oxygen Consumption of Rabbit Liver Slices As Influenced by Addition of Various 

Substrates 


Experiment No ! 

Substrate 

Oxygen consumption 

60 mm 

120 mio 



c tnm 

cmm 

1 

None 

144 

252 


D Glucose 

148 

255 


n-Galactose (Eastman) 

157 

265 


D-Arabinose 

152 

262 


D-Ly\ose 

152 

257 


D-Xylose (Elmer and Amend) 

146 1 

248 

2 

None 

123 

206 


D-Glucose 

128 

213 


D -Mannose 

130 

218 

1 

Fructose 

127 

210 

j 

L-Arabinose 

120 

197 

3 

None 

151 

272 


D-Glucose 

156 

271 


D Glucose 6-phosphate 

153 

270 


Fructose-6-phosphate 

150 

263 


Fructose-1,6 diphosphate 

179 

336 


Tissue, 250 mg of rabbit liver slices, electrolyte-bufifer solution, 1 75 ml of a 
NaCl, KCl, MgS04, and sodium phosphate solution at pH 7 32 (Krebs (23)), su 
strate, 0 25 ml of 6 4 per cent hexoses, or 4 5 per cent pentoses, gas phase, o\yg^6^» 
center 'r ell, 10 per cent NaOH, rate of shaking, 120 per minute, temperature, 37 5 

Liver Slices 

Investigators who have studied the oxidation of simple sugars by mamma 
han hver shoes have, for the most part, found no appieciable increase m 
oxygen consumption Glucose when added to rat liver (17-21) or to gumea 
pig hver (22) has no effect Whereas galactose (21) and arabmose an 
xylose (19) have no effect on the oxygen uptake of rat liver, fructose ^ 
been leported by &sch (19) and Marsh (21) to mcrease the oxygen con^ 
sumption of normal rat liver slices, although their results aie m disagree 
ment with those of Dickens and Greville (17) who find that brain cor i 
testis, and kidney are stimulated, but not liver 

In the hver shce experiments, sho^vn m Table I, the oxygen consump 1 
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by 250 mg of labbit hvei slices suspended m an isotonic electrolyte-buffer 
solution at pH 7 32 was essentially unchanged by the addition of n-glucose,^ 
D-galactos3,^ D-arabinose,*^ D-ly\ose,‘* D-\ylose,® n-mannose,® fructose,^ 
L-arabinose/ D-glucose-O-phosphate, and fiuctose-6-phosphate The only 
substiate tliat appealed to prevent m pait the deciease m the late of oxygen 
consumption was fiuctose-l,6-diphosphate “ It seems likely that the glu- 
cose deiived by hydrolysis from the glycogen contamed m the hvei was 
supply mg a sufficient amount of a prefeired substrate and that, therefore, 
added substrates were without effect 

H2O Extracts of Lyophthzed Lamb Liver 

In view of the fact that glucose dehydrogenase is watei -soluble (1, 4), it 
was decided first to mvestigate the oxidation of these sugars by water ex- 
tracts of lyophihzed lamb fiver 

The results aie presented m Table II n-Galactose (Eastman), n- 
galactose (Eimer and Amend), n-mannose, D-glucose-6-phosphate, and 
fructose-6-phosphate seem to have a small stimulatmg effect, whereas 
fructose-1 ,6-diphosphate definitely mcreases the uptake of oxygen above 
that of the substrateless control The failuie of n-glucose to increase the 
oxygen uptake might be explamed on the basis that the hydrolysis of glyco- 
gen m the fiver or in the watei extract has already produced sufficient 
glucose to saturate the enzyme system 

{NHi)2SOA Precipitates of H2O Extiacts of Lyophihzed Liver 

Harrison (12) made his second glucose dehydrogenase preparation by 
saturating the water extiact to 50 per cent with (NH4)2S04 and found that 
the resultmg proteins weie quite reactive toward glucose This was also 
the method used by Muller (7) who found that m addition to n-glucose, 
D-galactose and n-xylose weie oxidized, n-mannose and L-arabmose were 
not The final concentration of sugar m his Thunberg tubes ranged from 
0 125 to 0 5 M The concentrations were veiy much highei than the con- 
centralun used by Breusch (8) who added 1 mg of substrate to 3 ml of 
fluid to make a final concentiation of approximately 0 002 m Breusch 
found that only n-arabmose was oxidized and not L-arabmose, n-mannose, 
D-nbose, n-xylose, or n-galactose 

Early results that we obtamed, usmg Hairison’s enzyme and coenzyme 
preparations and a final concentration of sugar of 0 225 m, aie presented m 
Table III It would apoeai that n-glucose, n-xylose, n-galactose (Eimer 
and Amend), and hexose monophosphate are oxidized, whereas L-arabmose, 
D-mannos3, and n-nbose are not 

* Merck and Company, Inc , c p , anhydrous 

* Eastman Kodak Company 

® Eimer and Amend, c p 



Table II 

Effect of Various Substrates on Oxijgen Uptake by Water Extract of Lyophihzed Lamb 

Liver 


Experiment No 

Substrate 

Ox>gen consumption 

60 mm 

120 mm 

1 

None 

c mni 

109 

emm 

161 


D-Glucose 

106 

163 


D-Galactose (Eastman) 


181 


D-Galactose (Eimer and Amend) 


193 


D-AIannose 


179 


Fructose 

115 

170 

2 

None 

118 

168 


D-Glucose 

115 

174 


D-Arabinose 

117 

176 


L-Arabinose 

116 

176 


D-Xylose 

111 

163 


D-Ly\ose 

109 

168 

3 

None 

110 

1 165 


D -Glucose 

no 

168 


D-Ribose (Schwarz) 

112 

173 


D-Glucose 6-phosphate 

132 

205 


Fructose-6-phosphate 

133 

199 


Fructose-1 , 6-diphosphate 

156 

232 


Total volume, 2 5 ml , e\tract, 0 5 ml , preparation, 10 gm of lyophilized lanib 
liver, 40 ml of H^O, 30 minutes at 0°, centrifuged, decanted, 20 ml of H'*0 to residue, 
15 minutes at 0°, decanted, total volume m three e\periments, 34, 37, and 37 ml , re 
spectively, buffer, 1 0 ml of 0 25 m phosphate at pH 7 35, substrate, 0 25 ml of a 
1 M solution, center well, 10 per cent NaOH, gas phase, oxygen, rate of shaking, 100 
per minute, temperature, 38° 


Table III 

Decolonzaiion of Methylene Blue by Harrisoii^s Enzyme-Cocnzyinc in Presence of 

Various Sugars ^ 

DccolonraUon 


Substrate 

De color iza non time 

Substrate 

None 

min 

>60 

L-Arabinose 

D-Glucose 

7 

D -Mannose 

D-Xylose 

8 

D-Ribose 

D-Galactose (Eimer and 

35 

Hexose monophosphate 

Amend) 




min 

>60 

>60 

>60 

8 


watefi 

coen 


hver, prepared according to Harrison (12) , final dry preparation dissolved m 
insoluble portion centrifuged off and discarded, and the pH adjusted to / i 
zyme, 0 4 ml , equivalent to 0 4 gm of liver, prepared according to 
strate, 0 2 ml of a 2 h solution, methylene blue, 0 25 ml of a 1 5000 solu ion, 
0 5 ml , temperature, 38° 
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PaiiialUj Punfied Dehydi ogenase Preparations 

The two pai tnll}'' puiihed enzyme piepauations of lyophilized Iamb hvex, 
Piepaiations A and B, which ^^ele obtamed by successively adjustmg pH, 
fractionating with (NIl 4 ) 3 SOi, and adsoibing on Al(OH )3 gel, aie undoubt- 
edly mi\tuies of seveial dehydi ogenases and of othei enzymes as well No 
special attempt was made to obtam a puie oi electiophoietically umfoim 
piepaiation It Avas hoped, lathei, to fiee the dehydrogenases of all the 
substiates and coenzymes and of most, if not all, of the flaAmpiotem which 
might mediate between the added coenzymes DPN and TPN and the added 
oxygen earner, methylene blue The preparations weie ceitamly fiee of 


Table IV 

Ejfect of Varying Protein Concentration 


Protein per Thunberg tube 

Decolorization tune 

1 Methylene blue 

2 6 Dichloropbenol mdophenol 

mg 

1 mtn 

mm 

2 (1 3)* 

16 

5 5 

4 (2 6 ) 

11 

2 

6 (3 9) 

8 

1 5 

S (5 2) 

7 

1 


Total volume, 2 05 ml , protein, 0 4 ml , containing the nater-soluble portion of 
from 2 to 8 mg of Preparation A after centrifuging off the insoluble proteins, coen- 
zyme, 0 4 ml of a 50 mg per cent solution of DPN in H 3 O, substrate, 0 2 ml of a 1 
M solution of D glucose , buffer, 0 5 ml of 0 25 m phosphate at pH 7 4 , oxidation-reduc- 
tion indicator, 0 25 ml of a 1 5000 solution of either dye in H3O, water, 0 3 ml , 
temperature, 38° 

* Approximately 65 per cent goes into solution 

substrate, smee without glucose, but AVith added DPN, TPN, and methyl- 
ene blue, the oxygen consumption for a 2 hour period averaged only 10 
c mm 

The fiist series of expeiiments Avith these partially puiified preparations 
Avas earned out m Thunberg tubes with Preparation A The effect of pio- 
tem concentiataon is shoAvn m Table IV Both methylene blue and 2,6- 
dichlorophenol mdophenol Avere used as oxidation-i eduction mchcators 
In this and m subsequent expeiiments Avith Preparation A the amount of 
the preparation that dissolved m distilled Avater aveiaged approximately 
65 per cent of the AA^eighed piotem The results mdicate a typical response 
and the values if plotted would give a hyperbohe curve The protem con- 
centiation chosen foi the Thunberg experiments to foUou nas 2 mg pei 
tube 

The next experiment was to test the effect of vaiymg the glucose concen- 
tration on the decolonzation time of both methylene blue and 2,6-dichloro- 
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phenol mdophenol (Table V) The final glucose concentration in the 
Thunberg tubes ranged from 0 195 to 0 003 m In the presence of 0 098 m 
final concentration of glucose, methylene blue was decolorized in 8 5 
mmutes and 2,6-dichlorophenol mdophenol m 3 5 mmutes, whereas m the 
presence of 0 006 m final concentration of glucose (6 1 per cent of 0 098 m) 
methylene blue was decolorized m 21 mmutes and 2,6-dichlorophenol indo- 
phenol m 18 mmutes In subsequent tests any substance which at a 0 098 
M final substrate concentration decolorizes methylene blue m 21 mmutes or 
less and 2,6-dichlorophenol mdophenol m IS mmutes oi less would have to 
be consideied oxidized, or would have to contam impurities equivalent to 
6 pel cent or moie of D-glucose 


Table V 

Effect of Varying Glucose Concentration 


Final glucose concentration 

Decolonzation time 

Methylene blue 

2 6 Dichlofopheaol mdophenol 

if 

min 

min 

0 195 

7 

3 

0 098 

8 5 

3 5 

0 049 

9 

4 

0 024 

11 5 

5 

0 012 

15 

7 

0 006 

21 

18 

0 003 

28 

37 


Total volume, 2 05 ml , protein, 0 4 ml , containing the water-soluble portion 
from 2 mg of Preparation A after centrifuging off the insoluble proteins, approxi 
mately 1 30 mg goes into solution, substrate, 0 2 ml of a 2 m to m/32 solution of 
D-glucose, coenzyme, buffer, oxidation-reduction indicator, water, and temperature 
as in Table IV 


In Table VI we see the effect of various substrates on the decolonzation 
time of the two mdicatmg dyes The sugais which aie themselves oxidized 
or which may contam impurities equivalent to 6 per cent or more of n- 
glucose aie D-arabmose, D-ly\ose, D-xylose (Eastman), n-xylose (Eimer 
and Amend), and D-glucose itself, of couise With 2 , 6-dichlorophenol in- 
dophenol as an mdicator, the two D-galactoses are slowly oxidized, but 
this might well be due to impurities smce decolonzation occurs so slowly 
The second series of experiments was performed with Preparation B an 
the reactions weie followed m Warburg vessels Both DPN and llh 
were added m phosphate buffer (pH 7 4), and methylene blue was adde o 
serve as oxygen carrier The protem concentration which on the addition 
of 0 25 ml of 1 M D-glucose (final concentration 0 050 m) was found to cause 
an oxygen consumption of about 100 c mm m 2 houis was 20 mg per vesse 
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Table VI 

Effect of Various Substrates on Decolonzation Time 


Substrate 

Decolorization tune 

Methylene blue 

2 6-DichIorophenol mdophcnol 


tnin 

mm 

None 

120 

61 

n-Glucose 

10 

2 

D-Arabinose 

20 

19 

D-Galactose (Eimer and Amend) 

39 

21 

D-Galactose (Eastman) 

54 

29 

D-Ly\ose 

20 

51 

D-Xylose (Eastman) 

21 

12 

D-Xylose (Elmer and Amend) 

16 

8 

L-Arabinose 

>60 

59 

Fructose 

>60 

59 

n-Mannose » 

1 >60 

1 23 

D-Ribose 

>60 

1 53 

Fructose 6-phosphate 

>60 

1 

j 

Fructose-1,6 diphosphate 

>60 



Total volume, 2 05 ml , substrate, 0 2 ml of a 1 M solution m HzO, protem> 
coenzyme, buffer, ox:idation-reduction indicator, water, and temperature as m 
Table V 


Table VII 

Effect of Glucose Concentration 


Final glucose coQCentraUon 

1 

, ^ I 

^ Oxygen consumption 

1 

60 xmn j 

120 min 

1 

u 1 

1 

c mm 

c mm 

0 050 

69 

114 

0 025 

54 

88 

0 0125 

42 

68 

0 006 

26 

44 

0 003 

20 

1 

32 


Total volume, 6 0 ml , protein, 2 ml , contaimng the water-soluble portion from 
20 mg of Preparation B after centrifuging off the insoluble proteins, approximately 
13 0 mg goes into solution, coenzymes, 0 5 ml each of 50 mg per cent DPN and 
TPN in 0 25 M phosphate buffer at pH 7 4, substrate, 0 25 ml of a 0 0625 m to 1 m 
solution of D glucose, buffer, 1 0 ml of 0 25 m phosphate at pH 7 4, methylene blue, 
0 5 ml of a 1 5000 solution in HjO, temperature, 38°, center well, 0 25 ml of 10 per 
cent NaOH 

or 10 mg per ml This was the concentration used to test the effect of 
varying the substrate concentration At a 0 050 m final concentration of 
glucose (Table VII) the oxygen consumption was found to be 114 c mm m 
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2 horns, wheieas at 0 003 ai final concentration of glucose (6 pei cent of 
0 050 m) the oxygen consumption was found to be 32 c mm in 2 hours 
Under comparable conditions and with 0 050 m glucose m the contiol vessels 
any substrate which causes uptake m excess of 32 c mm m 2 hours would 
have to be itself oxidized or contam impuiities equivalent to at least 6 per 
cent of D-glucose 


Table VIII 


Effect of Various Substrates at One Protein Concentration 


Experiment 

Substrate 

Oxygen consumption 

60 mm 

120 mm 



c mm 

cmm 

1 

None 

4 

10 


n-Glucose 

68 

126 


n-Galactose (Eastman) 

14 

25 


D-Galactose (Euner and Amend) 

20 

2d 


n-Mannose 

9 

14 


Fructose 

10 

16 

2 

None 

3 

S 


D-Glucose 

72 

129 


D-Arabinose 

34 

61 


L-Arabinose 

19 

30 


D-Xylose (Eastman) 

30 

! 53 

1 


D-Ly\ose 

23 

! 43 

3 

None 

5 

10 


D-Glucose 

67 

123 


D-Glucose-6-phosphate 

35 

68 


Fructose 6-phosphate 

22 

36 


Fructose-1 , 6-diphosphate 

25 

49 


D Ribose 

12 

18 


Total volume, 5 0 ml , substrate, 0 25 ml of a 1 si solution m H 2 O, protein» 
coenzymes, buffer, methylene blue, and temperature as in Table VII, center we i 
0 25 ml of 10 per cent NaOH 


In Table VIII we see the effect of vaiious substrates on the oxygen con- 
sumption at a protem concentiation of 20 mg per vessel Those substrates 
which stimulated the ox 3 ’'gen consumption so that it exceeded 32 c raxa m 
2 houiB were D-glucose, D-aiabmose, D-xylose (Eastman), D-ly^ose, n g 
cose-6-phosphate, fmctose-6-phosphate, and fmctose-1 ,6-diphosplin^^ 
These substrates, theiefoie, aie themselves oxidized by Pieparation B wi 
added coenzymes 01 contam impuiities equivalent to 6 per cent of 
As a fiuthei test of actual oxidation several of the substrates were stu 
at tvo piotem concentiations (Table IX) The 20 mg sample 
previously used was one concentration and 3 tunes that amount, or 
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pel vessel, was the othei At the lov er piotem concentiation the substrates 
which stimulated the o\ 3 "gen consumption to exceed oi neaily to exceed 32 
c mm m 2 hours ^^ele the same as before, namely, D-glucose, n-arabmose, 
D-\yIose (Eastman), r>-ly\ose, n-glucose-G-phosphate, fructose-6-phos- 
phate, and fructose-1 , G-diphosphate These sugais weie all oxidized at a 
greatei late at the highei piotem concentration n-Galactose (Eastman) 
and L-arabmose failed to stimulate the oxygen consumption to use above 
32 c mm even at the higher protem concentiation 

Table IX 


Effect of Various Substrates at Two Protein Concentrations 


Substrate j 

1 

20 ms 

protem 

60 mg protem 

j O^gen consumption 

60 mm 

120 min 

60 imn 

120 nun 


c mm 

c mm 

c mm 

c mm 

None 

5 

10 

5 

8 

D-Glucose 

72 

126 1 

111 

195 

D Galactose (Eastman) 

S 

12 

IS 

26 

n-Arabinose 

24 

44 

SO 

139 

L-Arabinose 

9 

14 

11 

18 

n-Xylose (Eastman) 

18 

30 

35 

1 52 

n-Lyxose 

' 22 

36 

' 36 

56 

D-Glucose-6-phosphate 

I 24 

1 44 

1 54 

96 

Fructose-6-phosphate 

1 20 

36 

' 82 

161 

Fructose-l ,6-diphosphate 

' 26 

50 

82 

148 


Total volume, 5 0 ml , protein, 2 ml , contaimng the water soluble portion from 
20 or 60 mg of Preparation B after centrifuging off the insoluble proteins, approxi- 
mately 13 3 and 40 mg , respectively, go into solution, substrate, coenzymes, buffer, 
methylene blue, and teiriperature as in Table VIII, center well, 0 25 nil of 10 per 
cent NaOH 

It would appear then as though the only five substances which are defi- 
nitely oxidized by Piepaiation B m the piesence of added methylene blue, 
DPN, and TPN are n-glucose, n-aiabmose, n-glucose-G-phosphate, fructose- 
6-phosphate, and fmctose-1 , 6-diphosphate The oxidation of n-xylose 
(Eastman) and n-lyxose remams uncei tarn The small oxidation of all the 
othei sugars appears to be due either to the presence of impurities or to a 
lack of specificity of the participatmg enzymes 

The last experiments (Table X) weie done vnth Piepaiation C, which 
diffeis from Prepaiation B m two lespects special precautions were taken 
to keep the preparation cold at all stages except durmg centrifugation when 
refiigeration was not available, and the lyophihzed h\ er w^as homogenized 
m a Warmg blendor wuth 4 volumes of cold distilled water instead of bemg 
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giound m a moitar Furthei, m pieparmg the final product for use in the 
expeiiments leported beIo^^ , the piotein was dissolved in 0 25 m phosphate 
buffer of pH 7 4 instead of in ^^ate^ , the protein dissolved completely in the 
buftei at the concentrations used 

The substiates weie studied at two piotem concentrations, 20 mg and 
40 mg pel vessel A substrateless contiol and a control con taming 0 003 
M D-glucose m final concentration (6 pei cent of 0 050 D-glucose) 
mcluded All other sugais were used at 0 050 m final concentiation of sub- 


Tablb X 

Oxidation of Various Substrates at Two Protein Concentrations 


Final substrate concentration 

20 mg 

protein * 

40 mg protein 

OTygen consumption 

60 mm 

120 mm 

60 mm 

120 nun 

if 

c mm 

c mm 

c mm 

c tnm 

No substrate 

17 


20 

33 

0 050 D-glucose 

180 


388 1 

678 

0 003 D-glucose 

40 


61 ! 

97 

0 050 D arabinose 

45 

100 

95 

166 

0 050 D xylose (Eastman) , 

70 

126 

137 

229 

0 050 D-lyxose 

41 

79 

71 

119 

0 050 D-glucose-6-phosphate 

54 

95 

88 

151 

0 050 fructose-6-phosphate ' 

47 

SO 

85 


0 050 fructose-1, 6-diphosphate 

49 

93 

72 

mm 


Total volume, 5 0 ml , protein, 2 ml , contaimng 20 or 40 mg of Preparation C 
dissolved in 0 25 m phosphate buffer at pH 7 4, the protein is completely soluble, 
substrate, 0 25 ml of a 1 m or 0 06 m solution in H,0 to make a final concentration 
of 0 050 M or 0 003 m, respectively, coenzymes, 0 5 ml each of 100 mg per cent o 
DPN and TPN in H O , methylene blue, 0 5 ml of a 1 5000 solution in H3O , water, 
1 0 ml , center well, 0 25 ml of 10 per cent iSTaOH, temperature, 38° 

strate n-Glucose, n-arabmose, D-xylose (Eastman), D-ly\ose, n-glucose-G* 
phosphate, fructose-6~phosphate, and fiuctose-1 ,6-diphosphate gave values 
for oxygen consumption in 1 and 2 hours, and at the two protein concentra- 
tions that exceeded the 0 003 m D-glucose control It would appear tha 
all seven of these sugars are oxidized If they are not oxidized, they shou 
contam impurities equivalent to more than 6 pei cent of n-glucose 

DISCUSSION 

In 1936 Lipmann (24) and Dickens (25), workmg mdependently, formu 
lated a hypothesis to the effect that the aerobic oxidation of glucose 
phosphate m yeast might proceed through phosphogluconic aci 
2-ketophosphogluconic acid and hence by decarboxylation to ara iaoj> 
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monophosphate Dickens cax i led the h 3 ^othesis fin ther and suggested that 
by a repetition of the oxidations and the decaiboxylations the axabinose phos- 
phate might go to a tetrose phosphate and finally to a tiiose phosphate 
Bieusch (8) has moie recently made the suggestion that such a scheme, 
although without phosphoiylation, might play a pait m mammalian 
caibohydiate metabolism He bases his hypothesis on the fact that n-glu- 
cose, D-aiabmose, glycei aldehyde, and glycoaldehyde, and possibly n-eiy- 
throse are all oxidized m the piesence of a Latapie mmce of cat hvei when 
methylene blue is the oxidation-reduction micatoi It is towaid the 
evaluation of such a scheme as this that the present woik is especially 
diiected 

Since Mullei (7) had leported that n-galactose and n-xylose were oxidized 
by prepaiations of ox liver and since Breusch (8) had found that these two 
were not oxidized by cat liver, it was necessary to verify the results of one 
or the othei It appeals from oui expeiiments that n-galactose is not 
oxidized by lamb liver, but that n-xylose is readily oxidized, at least by some 
prepaiations n-Xylose does have m its first 4 carbons the same spatial 
configuration that exists m the fiist 4 carbons of n-glucose, which suggests 
that the oxidation maybe due to a lack m specificity of n-glucose dehydiogen- 
ase Muller’s (7) results with n-galactose may have been due to the high 
concentration of substiate that he was usmg His final concentrations 
langed from 0 125 to 0 50 m, wheieas Breusch used 1 mg to 3 ml of fluid 
to make a final concentiation of approxunately 0 002 m 

Whether the phosphorylated hexoses that are reported oxidized heie are 
directly dehydrogenated is not certam, smce the possibihty exists that they 
may be split to ti loses, perhaps to phosphoglyceraldehyde, and that the 
oxygen consumption lepiesents oxidation to phosphoglyceric acid It is 
possible also that Zwischenferment fiom red blood cells is present m these 
preparations, smce much blood remams m the liver even though the animals 
had been exsangumated 

sumiARY 

1 The preparation of a mixture of partially puiified dehydrogenases 
from lyophilized Iamb liver is described 

2 The slow declme m the rate of oxygen consumption by survivmg 
labbit liver shces is partly prevented by the addition of only fructose-1 ,6- 
diphosphate from among a number of phosphorylated hexoses and non- 
phosphorylated hexoses and pentoses 

3 D-Glucose, n-arabinose, n-xylose, n-lyxose, n-glucose-G-phosphate, 
fructose-6-phosphate, and fiuctose-1 ,6-diphosphate are oxidized m the 
presence, but not m the absence, of methylene blue when diphosphopyridme 
nucleotide, triphosphopyridine nucleotide, and a partially purified protem 
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pieparation from lyophilized lamb livei aie added It is not suggested that 
the fiist step m the oxidation of all seven of these compounds is dehydro- 
genation D-Galactose and seveial other sugars aie not oxidized 
4 A modification in the fiist step in the synthesis of D-glucose-6-phos- 
phat-e, 2 c in the svnthesis of diacetone glucose, is piesented 
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It was stated m preliminaiy repoits (1, 2) that the hexokinase leaction, 
glucose + adenosme triphosphate glucose-6-phosphate + adenosine 
diphosphate, m muscle extiacts from rats made diabetic with alloxan was 
maikedly inhibited by the addition of adienal coitex extiact, while no 
inhibition A\as obseiwed when adienal coitex was added to extracts of nor- 
mal rat muscle Hexokinase pieparations (muscle, biain) of normal 
ammals could be inhibited, howevei, by the addition of ceitam protem 
fractions of the anteiioi pituitaiy, particulaily m the presence of adrenal 
cortex extract, and this inhibition, like that observed m diabetic extracts, 
could be counteracted by msuhn 

Other experiments mdicated that msuhn was not an acceleiator of the 
reaction, since it did not exert an effect unless the system was inhibited by 
adrenal cortex alone in diabetic extiacts and by pituitary plus adrenal 
cortex in normal extracts This raised the question whethei the diabetic 
extiacts contamed an mhibitoiy factor similar to that prepared from the 
anterior pituitary On the assumption that the phenomena are related, 
the experiments with extiacts of diabetic rat muscle and the prepaiation of 
inhibitory pituitary fi actions will be described m this papei 

EXPERI^MENTAn 

Hexokinase in Muscle Extracts of Diabetic Rats — In some of the earl3'' 
experiments lats were mjected mtraperitoneally with 200 mg of alloxan 
per lalo, the degiee of glycosuiia varied consideiably m the diffeient ani- 
mals and theie were a number of fatalities Moie unifoim results were 
obtamed w^hen the procedure of Kass and Waisbien (3) w^as adopted, which 
consists m fastmg the ammals for 48 hours befoie mjectmg the above dose 
of alloxan subcutaneously Aftei the mjection the animals were given 
food ad libitum and the urme was collected m mdmdual metabolism cages 
The animals showmg marked glycosuiia w^eie killed about 2 days after the 
injection About 10 gm of leg muscle were rapidlj^ excised and imnced 

* This work ^\as supported by a research grant from Eh L 1 II 3 and Company and 
the Nutrition Foundation, Inc 
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With scissois on a glass plate in a cold room at 5° to a medium degree of 
fineness The minced muscle was lubbed vigorously foi 4 mmutes in a 
mortal after addition of 1 5 volumes of water In a few experiments a 
solution of 0 05 M phosphate (pH 7 5)-0 08 isi NaCl was used for extraction, 
which did not seem to make any difference m the results The muscle 
pulp was either centiifuged oi strained through gauze, and the extract 
tested immediately The pH of the water extiact was about 6 4 and of 
the phosphate-sahne extract 6 9 

The extraction must accomphsh two things, it must yield an active hexo 
kmase prepaiation and it must at the same tune give a maximum yield of 
the inhibitoiy factoi The optimal conditions for dealmg with these ti\o 
variables have not been worked out What limits the possibilities is the 
great instability of the inhibitory factor, making speed of the preparation 
of the extract and maintenance of a low temperature prime prerequisites 
of a successful experiment 

The muscle extiact (0 8 cc ) was added to the mam compartment of two 
Warbuig manometer vessels, each of which contamed 1 cc of 0 02 m MgCh, 
0 06 M NaHCOa, 0 1 cc of the Upjohn adrenal cortex extract, and m one 
case 0 1 cc of H 2 O and m the othei 0 1 cc of msulm^ solution (100 7) 
The side bulb of the Waiburg vessels contained in each case 0 1 cc of 1 
per cent glucose, 0 15 cc of 0 9 m NaF,^ 0 05 m NaHCOs, and 0 1 cc of 
0 1 m adenosine tuphosphate The contents of the two Warburg vessels 
(2 35 cc ) diffeied therefoie m only one respect, namely, that msulin was 


present in one and not m the othei 

The vessels weie gassed for 4 mmutes with 5 per cent C02-95 per cent 
N 2 and equihbrated for 5 mmutes at 30° (pH about 7 5) The contents 0 
the side bulbs were mixed with the mam compai tments and liberation 0 
CO> was measured for 10 to 15 minutes or longer, dependmg on th^ activity 
of the extracts At the end of the mcubation peiiod, ahquots of the vesse 
contents were piecipitated with 1 volume of Ba(OH )2 and 1 voinme 0 
ZnSOi accordmg to Somogyi, and the glucose determmed m the n* 
according to Nelson (4) The Ba(OH )2 and ZnS04 solutions should be so 
adjusted that the filtiates (pH of filtrate about 7 2) are free of either Ba or 
Zn ions A thud sample was fixed befoie mcubation in older to deteiniin® 
the mitial glucose content About 1 mg of glucose was present 
and, since the expeiiments were so arranged that a substantial part 0 
glucose disappeared, the calculations are based on large differences m 
glucose readings and mvolve a multiplication factor of only 12 ^ 

experiments showed that added hexose phosphate esters were precipi a 


1 Aa amorphous preparation of insulin, assaying 20 units per mg 


was kindly eup 


plied by Dr Chen of Eh Lilly and Company 

2 NaF was added in order to inhibit adenylpyrophosphatase 
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by the Ba-Zn tieatment and that the deproteinized filtrate contained only 
a negligible amount of non-sugai reducing substances 

Because of their gieatei accuracy the glucose deteinunations were rehed 
upon to calculate the per cent inhibition of glucose utilization For this 
reason the values for COo evolution are not reported in detail, except to 
illustrate (Fig 1) that an inhibition, when present, can be detected by the 
manometnc method and that addition of adrenal cortex extract mcreases 
the inhibition very markedly ^ In most cases there was a rough quantita- 
tive agreement between the CO 2 readmgs and the subsequent glucose de- 
termmations The manometnc proceduie was used because it provided 
for continuous mLxing, a factor which was found to be of importance, 
it also mdicated a suitable time at which to mteriupt the experiment for 
glucose determmations and it served as an mdependent method for evaluat- 
ing the experiment All values m Tables I to VII are calculated for an 
incubation period of 10 minutes, as shown m Fig 1, the reaction rate is 
approximately Imear 

In Table I are summarized experiments on muscle extracts of nme dia- 
betic rats and one diabetic rabbit Inhibitions rangmg fiom 27 to 64 per 
cent were observed when the extracts were tested immediately after prep- 
aration Also mcluded are foui experiments on extracts of normal rat 
muscle, they show that msuhn had no stimulatory effect on the hexokmase 
reaction and they illustrate the precision of the measurements when no 
inhibition is present Other control experiments belongmg to this senes 
which are not specifically lecoided consisted m testmg the activity of muscle 
extracts of normal rats without any additions and with the addition of 
msuhn or adrenal cortex separately or combmed, in all of these cases the 
disappearance of glucose did not vary by more than ±5 per cent 

That the effect of msuhn consists m the removal of an inhibition of hexo- 
kinase activity and not in an acceleration of the reaction is also shown m 
the last three columns of Table I When the muscle extracts uere kept 
for 45 to 270 minutes at 0° and then letested, the activity of the 
sample ivithout msuhn had risen m most cases to the level observed m the 

* In these extracts there is a considerable production of CO. \Mthout the addition 
of glucose (Fig 1) This is due, in part, to the presence of some glucose m extracts of 
diabetic rats One cannot therefore deduct the “basaP' values from those obtained 
in the presence of glucose Furthermore, NaF does not completely suppress adeno- 
smetriphosphatase activity, and there is also some acid production in samples to 
i\hich no adenosine triphosphate has been added Two equivalents of CO. are 
evolved for each molecule of glucose used, because both the glucose added and tae 
hexose monophosphate formed in the hexoLinase reaction ser\e as phosphate ac- 
ceptors The inhibition concerns only the first reaction these factors decrease 
the accuracy of the manometnc determination and it serves merely to give the degree 
of inhibition of the hexokmase reaction 
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presence of insulm In only two expeiiments did the inhibition persist 
after the extiact had been stoied foi an hour or longer at In two ev 
periments the extracts were frozen at —20° immediately aftei preparation, 
on thawmg and letestmg, the hexokmase was no longer inhibited ^ These 
experiments show that the mhibitoiy factor is very labile, and, as will be 



Fig 1 Effect of adrenal cortex extract (ACE) and insulin on CO. production in 
extract of muscle from rats made diabetic 'vsith alloxan The composition 
reaction mixture is given in the text The control sample contained neither A 
nor insulm Terminal glucose determinations showed that the inhibition was 
cent for the sample which contained ACE, as compared to the sample \\ inch contone 
ACE plus insulin 


shown latei, it lesembles m this lespect the mhibitoiy factoi piepaiedhoi^ 
the antenor pituitaiy Whethei oi not the disappeaiance of the 
hibitoiy factor is due to enzymatic destruction has not been deternun 
with ceitamty » 

A total of thirty experunents on diabetic and six expeiiments on norma 

In a few instances the inhibitory action was not destroyed by freezing the mus 
extract 
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rat muscle was earned out, these are summarized in Table II None of 
the noimal extracts showed significant inhibitions Of the diabetic e\- 


Table I 

Effect of Insulin on Glucose Uliltzalion in Extracts of Muscles from Rais Made 

Diabetic with Alloxan 


The composition of the reaction mixture is given m the text Incubated for 
10 minutes at 30°, adrenal cortex extract was added to all the samples 


After injection 
of alloxan 

Glucose utilized per 

2 35 cc reaction mixture 

Inhibition 

without 

insulin 

Extract stored 
at 0 before 
retesting 

Glucose utilized 
when retested 

Inhibition 

without 

insulin 

No insulin 

Insulin 


Insulin 

hrs 


7 

per cent 

T»in 

iBB 

7 

Per cent 

41 

215 

575 

64 

70 


550 

0 

48 

175 


54 

Frozen 


260 

0 

47 

113 

238 

53 

120 

128 

189 

32 

43 

144 

264 

45 

75 


242 

34 

27 

460 

825 

44 

60 

795 

810 

2 

41 

128 

218 

41 

270 

188 

198 

* 5 

43 

535 

865 

38 

105 

795 

830 

4 

50 

360 

580 

38 

Frozen 

405 

405 

0 

43* 

170 

255 

33 

1 60 

165 

160 

-3 

48 

415 


1 27 

1 45 

510 

490 

0 

Normal 

166 

186 

11 





t( 

336 

346 

3 





a 

378 

376 

0 





it 

210 


' 0 






* Diabetic rabbit 


Table II 

Summary of Data on Inhibition of Hexokinase Reaction in Muscle Extracts of 

Diabetic Rats 


Per cent inhibition calculated from glucose measurements with and without 
insulin 


No of rats 

Per cent inhibition i 

RemarLs 


Range 

Average 


7 

42-76 

51 

Injected with alloxan 

8 

21-38 1 

34 

(( tt it 

15 


3 

(< t( it 

6 

1 0-11 

1 1 

3 

Normal controls 


tracts fifteen showed inhibitions langmg from 76 to 21 per cent, while 
fifteen showed eithei mhibitions of less than 14 pei cent, which were not 
legarded as significant, or no mhibitions at all Although the diabetes 
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The ciude extract was centrifuged for 10 minutes, while all fui- 
thei centiifugations weie foi only 2 to 5 mmutes The pH was contiolled 
by means of a glass electiode 

Procedwe 1 — To the ground glands suspended m watei was added 02 
N Ba(OH )2 to biuig the pH to 9 8 to 10 2 Aftei 30 mmutes of e\ti action 
the material was centrifuged The tuibid supernatant fluid was biought 
to pH 6 8 ^Ylth 0 05 N H 2 SO 4 and the precipitate discaided after centnfuga 
tion Moie H 2 SO 4 was added to the clear supernatant fluid until pH 57 
was leached The piecipitate ivas collected by centrifugation, washed with 
distilled watei on the centiifuge, and dissolved m the smallest possible 
volume of 0 05 u Na2HP04 The solution was diluted ten times with watei, 
the pH adjusted to 6 8, and centrifuged Fiom the supernatant fluid 
two piotem fi actions weie obtamed, one precipitatmg between pH 6 8 
and 6 3 and the othei betw^een G 3 and 5 7 Both weie dissolved in 005 
jM Na 2 HP 04 and immediately tested for mhibitoiy action The combined 
fi actions lepiesented about 20 per cent of the total e\ti acted proteins 

Piocedmc 2 — The tissue was extracted with Ba(OH )2 or NaOH for 30 
mmutes at pH 10 to 11, as described m Piocedure 1 After centrifugation 
the alkaline supernatant fluid was tieated mth 0 1 volume of an alummum 
hydroxide, Cy, solution contammg 20 mg of Al(OH )3 per cc The ad 
sorbed mateiial was centrifuged off, washed with water, and eluted with 
0 1 Na2HP04 The cleai eluate was used for the test, it contamed about 

4 per cent of the extracted protein 

Procedm e 8 — 0 05 n H 2 SO 4 was added to the crude aqueous suspension 0 
the glands until the pH was 5 7, and the suspension was centrifuged mi 
mediately With this piocedure only one-half as much protein is extract^ 
as with Procedures 1 and 2 The supeinatant fluid was brought to p 

5 3 wath moie H 2 SO 4 and 2 volumes of distilled watei were added Tie 
precipitate wdiich formed was ceutiifuged off, dissolved in 0 05 lu Na 2 Ht' 
and tested immediately About 14 per cent of the extracted protein 
was recovered m this fraction 

Piocedure 4 — The undiluted supernatant fluid, pH 5 3, describe 
Procedure 3, was tieated with 0 1 volume of Al(OH)3 The 
material was washed with watei and eluted with 0 1 m Na2HP04 
yield was about 15 pei cent of the extracted piotem 

The test system, total volume 2 35 cc , had the same final composi m 
as that described foi muscle extract, except that 0 3 cc of brain 
kmase was used as the source of the enzyme and 0 4 cc of pituitary 
tion contammg 0 02 u NaHCOs was placed m a second side bu 0 ^ 
Warburg vessels After gassing with 5 per cent C02-95 por ce 
and temperature equilibration, the contents of the mam 
side bulbs weie mixed to start the reaction As m the case o t e e 
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ments with muscle extiacts, two identical vessels weie prepared, except 
that one cout xmed 100 y of msulm while none was added to the other 
Table III shows that treatment of insulin with 0 05 N KOH for 3 houis at 
37^ destroys its activity in the hexokinase test system 

Table III 

Effect of Treatment of Insulin with Alkali on Its Ahilitij to Release Brain 
Hexokinase from Pituitary Inhihition 

Amorphous insulin incubated m 0 05 n KOH for 3 hours at 37° 1 7 mg injected 

intravenously into each of two rabbits caused no louenng of blood sugar levels 
Pituitary fractions prepared according to Procedure 1 Incubated for 10 minutes 
at 30° without insulin and uith 100 y of native or alkali treated insulin Adrenal 
cortex extract was added to all the samples 


j 

Pituitary fraction 

Pituitary 
protein added 

Glucose utilized per 2 3^ cc 
reaction mixture 

Inhibition 

No insulin 

Alkali treated 
insulin 

NaU\ e 
insulin 

No insulin 

Alkali treated 
insulin 





T 

per cent 

per cent 

pH 6 2-5 7 




455 

41 

34 

“6 8-6 2 




445 

13 

16 


Table IV 

Effect of Pituitary Extract and Adrenal Cortex Extract on Brain Hexokinase tn 
Absence and Presence of Insulin 


The pituitary preparations (APE) w ere made according to Procedure 1 (pH 6 3 
to 5 7 precipitates) 0 1 cc of the Upjohn adrenal cortex extract (ACE) and 100 y 
of insulin (I ) ^\ere added Incubated for 10 minutes at 30° 


Experiment No j 

j 

j Glucose utilized per 2 35 cc reaction mixture 

Inhibition 
(calculated from 
4th and 5th 
columns) 

No additions 

APE 

APE -PACE 

APE -PACE + 1 


-y 

T 

Y 

Y 

per cent 

1 

552 

510 

355 

530 

33 


566 

535 

400 

525 

24 

2 

532 

527 

310 

518 

! 40 

3 

342 

225 

19S 

348 

' 43 


Table IV shows thiee experiments with a pituitary fraction prepaied by 
Piocedure 1, m two of these experiments there was no mhibitoiy effect un- 
less adrenal coitex extiact was also added, m the third experiment the 
pituitary fraction alone had an inhibitory effect, which was mcreased b 3 " 
the addition of adrenal cortex extract For this reason adrenal cortex 
extract was added m all assays for pituitary inhibitor Table IV also 
shows the activity of the bram hexokinase mthout any additions and 
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illustrates the fact that the inhibition is iemo\ed by msulm Control 
experiments have also been earned out vhich show that adienal cortex 
ext 1 act m the absence of the pitiutaiy mhibitor had no effect on the hexo- 
kmase leaction 


T\ble V 

Effect of Pituitary Extracts oji Beef Brain Hexokinase 


Adrenal cortex extract was added to all the samples, incubated for 10 minute^ 
at 30^ 


Procedure 

No 

Species 

Pituitarj 

protein 

added 

Glucose utilized 

per 2 35 cc reac 

lion mixture 

Inhibition 

without 

insulin 

Extract 
stored at 

0 before 
retesting 

Glucose utilized 
when retested 

Xnhibitioa 

without 

msulm 

No 

insulin 

Insulin 

No 

insulin 

Insulin 




•y 

T 

per cent 

min 

7 

7 

per cent 

1 

Beef 


135 

230 

41 









450 

36 






it 

6 2 


435 

26 






Calf 

7 7 

325 

490 

34 






Sheep 



500 

40 






a 

4 7 

145 

230 

37 





2 

a 

3 1 


360 

64 






it 

1 0 

245 

360 

32 



305 

s 


n 


1S5 

265 

30 



260 

0 

j 

it 

3 0 

195 

275 

29 





1 

a 

2 S 

275 

3S5 

29 





3 1 

Hor&e* 


mi 

440 

4S 


4S5 



1 



Bl 

4S5 

32 



350 


] 

Sheep 

5 2 


520 

77 






a 


145 

340 

1 



400 

10 


it 

2 S 

255 

495 

i 






ti 


2S0 

4S0 

i 42 

Frozen 

525 

505 

-4 

4 

<< 

5 4 

105 

445 

1 76 


385 




tc 

5 1 


390 

i 'i'i 








155 

275 

44 



320 

5 




275 

350 

1 

21 



■ 



* Ljophihzed glands 


Repiesentative expel imentsivith fi actions obtamed b}’’ the fourproce urc& 
are showm in Table V, w^hile a summary of all expeiimdnts on twenty-seien 
different batches of glands is given m Table VI None of the proce ure 
invaiiably yielded an active extract In Table VI all experiments on g 

stored not longer than 3 days are listed as negative, if the inhibition w ^ 
less than 14 pei cent Although all positive and negative ex'penmen s 
recorded, it should be understood that the actual number 
fluenced by the number of tnals that w ere made with each batch o g 
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Vctually each of the twenty-seven batches yielded an active extiact by one 
01 the othei method of pieparation 

Theie weie twelve other positive experiments in Avhich other piocedures 
ueie tiled, such as fiactionation of the alkalme extract with ammonium 
sulfate between 0 2 and 0 45 satuiation, dialysis and isoelectric precipita- 
tion between pH 6 8 and 5 8, adsorption with A1(0H)3 at different pH 
levels, and the use of muscle extract mstead of bram hexokmase as the test 
system In still other experiments the measurement of CO 2 production 
ivas omitted and the reaction mLxtuie was incubated in test-tubes without 
shakmg Although this method appeared satisfactory, theie iveie several 
tests m which the sample incubated m Warburg vessels gave a positive 
lesult, while the same pituitaiy fraction, when mcubated m test-tubes 
without shaking, showed no inhibitoiy action 


T\ble VI 

Summary of Inhibitious of Hezokinase Activity Obtained with Fractions of 

Pituitary Gland 


Procedure No 

No of preparations 

Per cent inhibition of 
positives 

Remarks 


Positive , 

Negative j 

Range 

Average j 


1 pH 6 S-6 3 ppt 

■ 


14-36 1 

1 

25 

7 batches (4 beef, 3 
sheep) 

1 6 3-5 7 



20-41 

34 


2 

1 6 


! 14-64 

33 

5 batches (sheep) 

3 

! 17 


15-77 

1 41 

9 

4 

1 6 


20-76 

1 46 

6 “ '' 


In Piocedure 1, Table VI, the pH 6 8 to 6 3 precipitate was less active 
per mg of protem than the pH 6 3 to 5 7 precipitate Acid extraction 
followed by isoelectric precipitation between pH 5 7 and 5 3 01 adsoiption 
of the acid extract with A1(0H)3 (Procedures 3 and 4, Table V) yielded 
more active extiacts, smce 3 to 5 mg of piotem per test gave mhibitions of 
44 to 77 pel cent Only 1 to 3 mg of piotem weie required foi 29 to 64 
pel cent inhibition when Procedure 2 was used Active preparations v ere 
also obtained on three occasions fiom a lyophilized hoise pituitaiy powder 
kindly supplied by Di Campbell of Eh Lilly and Company After more 
piolonged stoiage this powder failed to yield active matenal When the 
purified fractions of pituitaiy were lyophilized, the actmty was lost 
In several cases the tests w^eie lepeated after the pitmtary fractions had 
stood for 30 to 120 mmutes m an ice bath or after they had been frozen, 
but mvaiiably the mhibitoiy action had disappeared As shown m Table 
V, m these cases the hexokmase activity m the sample with insulm remamed 
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about the same, while the sample without msuhn showed m each case a 
gi eater activity than m the test with the fleshly prepared pituitary extract 
These observations duplicate those recorded in Table I ivith muscle extracts 
of diabetic lats Vaiious attempts were made to mcrease the stability of 
the inhibitory fractions by keepmg them at vaiious hydrogen ion concen- 
trations 01 m an atmospheie of N2, or by addmg vaiious ions or a boiled 
juice of pituitary glands, but so far none of these and othei procedures 
have been successful 

Durmg a visit of Di Li an opportumty was afforded for testmg three 
highly puiified pituitary hormones prepared by him m Dr Evans' labora 
tory Growth, adieno tropic, and lactogenic hormone prepaiations had no 
inhibitory effect on the hexokinase leaction (Table VII) 

Table VII 

Absence of Inhibitory Effect of Highly Purified Pituitary Horinones 
1 mg of each. v\ as added to 2 35 cc of reaction mixture Adrenal cortex extract 
was added to all the samples, incubated for 10 minutes at 30° 


Hormone 

Glucose utilized per 2 35 cc 
reaction mixture 

Inhibition 


No insulin 

Insulin 




7 

per ant 

Grow th 


340 


Adrenotropic 


410 

7 

Lactogenic 


330 

9 


DISCUSSION 

Since adrenal cortex extract produces a marked mhibitron of hexokinase 
activity m muscle extracts of diabetic lats, but has no effect on the he\ob 
nase activity of normal muscle or bi am extracts unless a pituitary fraction is 
also added, the authors xvould hke to draxv the tentatwe conclusion tba 
there is present m muscle extracts of diabetic lats an mhibitoiy substance, 
possibly of pituitary origm Such a substance may also be present m 
tracts of normal muscle, but it cannot be demonstrated, eithei because 
IS present or because there is enough msuhn in the extracts to nulu y 
action , I 

Some support foi the above concept is derived fiom the fact that ^ ^ 

cortex extract fails to inhibit diabetic muscle preparations which have 
stored foi short periods at 0 ° This certainly indicates the loss of a ac 
participatmg m the inhibition, and its lemaikable lability resem 
observed with the mhibitoiy substance prepared from pituitary 
Furthermore, the response of diabetic muscle extracts to mcreasmg am 
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of adienal coite\ extract is of the type to be expected if anothei substance 
weie participating in the inhibition and weie the limiting factor determming 
the maximum degree of inhibition obtamable with an excess of adrenal 
coitex extiact The final proof foi the pituitary origm of this substance 
will lest on the demonstration that adienal cortex extiact fails to mhibit 
the hexokinase activity of muscle extracts from hypophysectomized rats 
treated with alloxan 

Whatevei the nature of the inhibition of the hexokmase reaction, theie 
can be no doubt that insuhn exeits an antagonistic effect and that this repre- 
sents a lepioducible ^n vitro effect of msuhn In every case m which an 
inhibition was obtamed, addition of msuhn completely abolished the m- 
hibitoiy effect The possibihty that this might be a non-specific pro tern 
effect is made extremely unlikely by the high concentiation of other pro- 
teins m the test system and by the abohtion of the effectiveness of insuhn 
by mild treatment with alkah 

The dilEculty m obtammg consistent mhibitions of the hexokmase re- 
action IS due largely to the lability of the pituitary factor In a crude ex- 
tract of the pituitary, the factoi is relatively stable over a unde range of 
pH, since active material may be obtamed after extraction at pH 10 foi 
periods up to 2 hours, oi after extraction at pH 5 7 foi somewhat shorter 
periods, while the partially purified material loses its activity completely 
during even shorter periods of standing at either pH It cannot be de- 
cided at present whether the rapid loss m potency is the result of an enzy- 
matic destruction of the active substance oi the result of some physico- 
chemical change such as denaturation, oxidation, or foi matron of an 
inactive complex 

Efforts are also bemg diiected toward elucidatmg the nature of the active 
substance in adrenal coitex extract Prelimmary experiments mdicate 
that the substance is present m the so called ‘^amorphous fi action” (2) 

The possible physiological significance of the observations recorded in 
this paper has been discussed elsewhere (6) and it has been pomted out that 
they are in agreement with Houssay’s and Long^s experiments, uhich 
show that the anterioi pituitary and the adienal coitex exert an mhibitoi} 
effect on the utilization of blood sugar m depancreatized animals It has 
also been emphasized that msulm may have other points of action besides 
its effect on the hexokinase reaction 

SUAIAIAKY 

1 The hexokmase activity of extracts of muscle of diabetic lats can be 
mhibited by the addition of adrenal cortex extiact Out of thirty different 
muscle extracts from rats made diabetic by mjection of alloxan, fifteen 
showed mhibitions langmg from 21 to 76 per cent, while fifteen shoued 
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excretion of radiophosphorus, arising from the sudden withdrai\al of 
parathyioid hormone 

The data piesented in this papex support the view that the parathyroid 
hormone influences phosphorus metabohsm by actmg diiectly upon the 
kidneys 

EXPERIMENTAL 


Young adult rats of the Sprague-Dawley stram were used They were 
reaied on a diet consisting of Purma fox chow, supplemented by greens 
once weeldy The paiied animals, shoivn m Tables I to V, were litter 
mates of the same sex The experimental animals weie subjected to 
thy 1 opal athyioidectomy or bilateral nephrectomy while under ether 
anesthesia 

The tracer dose of phosphate used m the expeiiments consisted of 0 5 
ml of an aqueous solution of 3 mg of phosphoius in the form of Na2HP04, 
containing 8 to 15 miciocuiies The labeled phosphate was admmis 
teied intrapeiitoneally, and paiathyioid extract,^ when also employed, 
was injected subcutaneously Immediately aftei the injection of the 
labeled phosphate, the experimental animal and its control were placed 
m separate wire bottom cages over urme-feces sepaiators (6) 

At the end of the desired penod, measured fiom the time of the ad 
mmistration of the labeled phosphate, blood was collected from the cut 
tail of the unanesthetized animal, or m some mstances from the severed 
caiotid arteries The blood sample was used foi the deteimmation of 
serum calcium and serum inorganic phosphoius, oi for the measurement 
of radioactivity Serum calcium was determmed by a modification 0) 
of the Kiamer-Tisdall method (8), and serum morganic phosphorus was 


determmed by Holman's method (9) 

The animals weie killed by a blow on the head, oi by decapitation, an 
the desired tissues removed for the measuiement of radioactivity The 
pieparation of the tissue samples and the excreta foi the measurement o 
activity, and the method used for their measurement are descnbed m a 
pievious publication (5) A further description of the five series of 


peiimentb follows 

Senes I — ^The food mtake of the first four pairs of animals (Tab e 
was not restiicted either before or after the experimental animals 
subjected to thyrOparathyroidectomy The other experimental 
and their controls (Table I) consumed the stock diet ad hbitiini up o 
time of the operation After the operation, the controls were 
about the same amount of food consumed by the animals operate on ^ 
vaiious mtervals, rangmg from a few hours to approximately 


^ Manufactured by Eh Lilly and Company 
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after the operation, the experimental animals and their controls were m- 
jected with labeled phosphate 18 hours latei the animals were sacrificed 
The serum calcium values and the activity measuiements of the tissues 
and excieta are sho\vn m Table I 

Sei les II — The animals used m these experiments leceived the stock diet 
ad libitum up to and mcludmg the experimental period Approximately 
24 hours after thyroparathyioidectomy, each experimental animal was 
mjected with a smgle dose of parathyroid extract, rangmg from 500 to 
20 units m potency 1 hour later a tracer dose of phosphate Avas admmis- 
tered to each expeiimental animal and to its normal control Aftei 
an interval of 18 hours, the animals were killed The serum calcium and 
seium moiganic phosphorus values and the activity measuiements of the 
tissues and excreta are shoivn m Table II 

Senes III — The animals of Group 1 (Table III) were allowed the stock 
diet ad Itbiluin up to and mcludmg the experimental period The anmials 
of Group 2 weie restiicted to 10 gm of the stock diet, daily, foi the 3 
days just precedmg the experimental period, and duimg the experimental 
peiiod they had access to water only Approximately 24 houis after 
thyropara thyroidectomy, each experimental animal of Gioups 1 and 2 
^vas mjected with 10 units of parathyroid extract 1 hour latei a tiacer 
dose of phosphate was admmistered to each experimental animal and to 
its thyroparathyroidectomized control After an mteival of 18 hours, 
the animals were sacrificed The serum calcium and serum moigamc 
phosphorus values and the activity measuiements of the femuis and the 
urme are sho^vn m Table III 

Series IV — The animals used m these expeiiments weie peimitted 
10 gm of the stock diet, daily, for the 3 days just piecedmg the experi- 
ment m which they were used Durmg the experimental peiiod they had 
access to water only 2 or 3 hours after thyioparathyioidectomy, the 
experimental animals were mjected vnth 2 5 oi 5 units of paiathyroid 
extract 20 mmutes after the mjection of the parathyroid extract, a tiacei 
dose of phosphate was admmistered to each experimental animal and to 
its lespective thyropaiathyroidectomized control At the end of the 
various expeiimental periods (Table IV) the rats veie decapitated ^\hlle 
bemg held over the metabolism cage The urme retamed in the bladdei 
after death was added to that lecoveied by A\ashmg the cage and the 
urine-feces separator 

Eighteen noimal rats Avere subjected to the same dietary restriction 
as that imposed upon the animals operated on Nine of these ammals v ere 
each mjected Avith 5 units of paiathyroid extract 20 mmutes later each 
experimental animal and its control received an mjection of labeled phos- 
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EXCRETION OP RADIOPHOSPHORITS 


phate 1 8 hours later these animals were decapitated The activity values 

of their mine only are shown in Table IV 
Senes V — The animals used m these experiments received the stock 
diet ad hbituvi before the experiment, but durmg the experimental period 
they had access to water only Rat A-1 (Table V) was mjected with 250 
umts of paiathyroid extiact 2 houm after bilateral nephrectomy 20 
mmutes aftei the mjection of parathyroid extract, Rat A-1 and its ne- 
phrectomized and noimal controls (Rats B-1 and C-1) weie each mjected 


Table III 


Effect of Parathyroid Extiact upon Serum Calcium, Serum Inorganic Phosphonis, 
and upon Retention and Excretion of Radiophosphorus in Fed and Fasted 
Thyroparaihyroidectomized Rats 


The experimental and the control animals are designated by the letters E and 
Tpc , respectively 10 U S P units vsere administered in each case 


Group 

No 

1 

No of 

I pairs 

Weight of 
animal 

i 

Serum calcium 

Serum inorganic 
phosphorus 



E 

Tpc 

E 

Tpc 

E 1 

Tpc 


1 

gm 

gm 

mg per 
cent 

mg per \ 
cent 

mg per ' 
cent 

mg per 
cent 

It 

5 

170 

169 

8 6 

8 6 

12 7 

12 7 



=h20 

±22 



±3 7 

±2 8 

n 

4 ; 

182 

178 


6 1 

13 4 ' 

14 6 


j 

±56 

±52 


±0 5 

±0 8 1 

±1 7 


Per cent* of radiophosphonii 
recovered 


Femurs 

per gm 

E 

Tpc 


3 59 


±0 38 

3 28 

3 43 


±0 76 


Unnc 



14 5 
±4 9 
14 9 
±S 5 












Table IV 

Effect of Parathyroid Extract* uj>on Distnbution^ Retention, and Excretion of 
Radiophosphorus after Thyroparathyroideclomy 
Ml values ire expressed as per cent of the administered radiophosphorus re- 
co\ered (for blood, li\cr, muscle, femurs, per gm ) E represents the experimental 
animal, Tpe the thyioparathyroidectomized control 


No of 
pairs 

\\ eight of 
animal 

Time 

after 

injection 

Blood 

Liver 

Muscle 

Femurs 

Urine 


E 

Tpe 

oi pa 

E 

Tpe 

E 

Tpe 

E 

Tpe 

E 

Tpe 

E 

Tpe 


gm 

gm 

hrs 











1 

158 

158 

1 




1 59 


0 13 



4 64 

0 96 

1 

157 

153 

1 



1 84 

1 86 


0 16 

3 09 

3 84 

2 29 

1 32 

1 

167 

165 

1 



1 87 

1 61 


0 18 

3 82 


2 27 

2 90 

1 

166 


1 

m 


1 74 

1 55 

S ' 

0 14 

3 23 

3 76 

15 17 

3 08 

(1) 

158 

162 

1 


III 


1 90 

m j 


EiSfl 

2 57 

12 76 

0 60 

1 , 

162 

169 


m 

lig 

1 43 

1 71 


0 13 

3 70 

4 42 

12 53 

2 02 

1 1 


189 




1 67 

1 93 

n 1 

0 14 

2 58 

2 93 

3 92 

0 48 

1 

ISO 





[iMa 

1 39 

S 1 

0 14 

2 94 

3 39 

' 15 15 

' 5 05 

(1) 

174t 





1 57 


s 


3 48 


17 05 


1 

192 

189 




1 18 

' 1 35 

W 1 

0 14 

3 16 

3 76 

10 62 

2 65 

1 

154 

154 

18 





S 1 

mm 

2 28 

2 13 

12 45 

3 90 

1 

173 

182 

IS 



0 86 


0 13 

0 16 

2 86 

3 93 

15 50 

2 89 

n 

177§ 

173§ 

18 









9 12§ 

7 90§ 


zhl5 

±14 










±2 70 

±1 50 


* The experimental animal of each pair of rats, except those of the two m paren- 
theses, received 5 U S P XII units of parathyroid extract Each of the experi- 
mental animals of these tv o pairs received 2 5 units 
+ Control found dead in cage 

:f The nine pairs of normal ammals received the same dietary treatment as the 
other ammals shown in this table 

§ jMean values and standard deviation from the mean 

Table V 

Disinbution, Retention, and Excretion of Radiophosphorus after Bilateral 
Nephrectomy and Administration of Parathyroid Extract 


All values are expressed as per cent of administered radiophosphorus recovered 
(blood, liver, muscle, femurs, per gm ) A represents the experimental ammal, 
B the nephrectomized control, and C the normal control 




Parathyroid 

extract 

1 injected 

Blood 

' Liver 

Muscle 

1 Femurs 

! 

1 Stomach 
and small 
intestine 

Large 
intestine , 

Feces and 
contents 
of 

intestines ^ 

Urine 


gm 

\U S P units 












1 


1 



A^l 

95 

2 

X 250 


25 

1 

89 

0 

kiM 

' 9 

31 

1 3 

31 


51 

1 

09 



B-l 

97 




20 

1 

96 

0 

26 

9 

00 

' 4 

27 


43 

1 

52 



C 1 

100 




17 

1 

29 

0 

32 

6 

65 

2 

26 


35 

3 

09 

25 

3 

A 2 

86 

4 

X 20 


25 

1 

34 

0 

43 

D 

Bill 

4 

95 

0 

75 

! 3 

43 

1 

[ 


B-2 

90 




24 

1 

45 

0 

38 

7 

97 

4 

57 

0 

56 

2 

07 

1 


C-2 

93 1 




22 1 

1 

29 i 

0 

25 

5 

29 

2 

43 

0 

35 

3 

91 

19 

S 

A-3 

74 

4 

X 20 


27 j 

2 

51 

0 

49 

8 

03 

4 

03 

0 

SO 

2 

03 



B-3 

74 




26 1 

2 

46 

0 

51 

9 

48 

5 

70 

0 

69 

2 

53 
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EXCTETION OF 1UDI0PH05PH0KUS 


Results 

The lesults of the fiiat experiments (Table I) show that durirg the 24 
haul's immediately following thyroparathyioidectomy the seium calcium 
oi the lats dropped below 8 mg pei cent, thus mdicating paiathyroid 
msufficiency On the othei hand, the related, oi simultaneous, change 
m the uimaiy excietion of phosphorus was equally pronounced Durmg 
the 18 hour expeiimental period of the 1st day following the operation, 
the expeiimental animals excieted only about 4 9 pei cent of the admmis- 
tered ladiophosphoms m the mine and 2 6 per cent m the feces, while 
then contiols excieted by these routes 17 9 and 3 G pei cent, respectively 
The excess zadiophosphorus letamed by the expeiimental animals did 
not accumulate m any one site, since the activity measurements show 
that the average specihc content of in the femum, hvei, muscle, and 
Lidneys of the expeiimental animals was m each instance about 30 per 
cent highei than the average specific content of P^- m the corresponding 
tissues of the controls Fui therm oie, calculations based on the data in 
Table 1, and Donaldson's (10) data on the weights of the parts and organs 
of the lat, indicate that the amounts of the radiophosphorus taken up by 
the vaiuus tissues of the animals opeiated on depended only on their 
relative mass and phosphoius content 

Undei the conditions of these expeiiments, a readjustment of the several 
mtimsic and extiinsic factors affecting phosphorus excretion appears 
to have occurred without the supeivention of manifest tetany 
which w^eie injected with a tiacer dose of phosphate I to 25 days after 
thyioparathyroidectomy weie able to excrete much laiger amounts of 
ladiophosphoius by both the urmaiy and the fecal route than animals 
similarly tested duiing the fiist 24 hour postopeiatue period 7 to 26 
days after thyiopaiathyroidectomy the kidneys, the femurs, and particu- 
laily the muscle showed a decreasing specific content of Duiing tbs 
period the specific content of P^- in the muscle dropped about 30 per cen 
below the contiol values In the femurs and kidneys, however, altlioug 
the specific content of dropped sharply, it did not drop below the contro 
values On the other hand, the retention of radiophosphonis m the 
decreased very slowly Oui data leveal that 15 to 26 days after t yro* 
parathyioidectomy the specific content of in the livers of the 
mental animals was still about 20 per cent higher than that of the con ro s 
From these observations it appeal's that a slow^er uptake, or a lower re 
tion, of the administered ladiophosphorus m the muscle of the 
mental animals, than that m their controls, must have accounted 
greater urmary and fecal excietion of ladiophosphorus shoivn by the o 
15 to 26 days after the operation 
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Duimg the second 24 hours after thyropaiathyroidectomy, when the 
kidneys still sho^\ed a decreased abihty to e\crete ladiophosphorus, the 
urinary excretion of radiophosphorus ^\as greatly mcieased by the injection 
of parathyroid extract Thyioparathyroidectomized rats (Table II), 
which received from 20 to 500 units of parathyroid extract 1 hour before 
the mjection of labeled phosphate, excreted by the urinai 3 ^ route amounts 
of the radiophosphorus winch were approximately 44 to 1 13 per cent larger 
than the amounts excreted by then normal controls In the animals m 
which 125 to 500 units of parathyroid extract gave iise to hypeicalcemia, 
there was usually a lower specific content of m the various tissues than 
occurred m the corresponding tissues of the controls Smgle doses of 
20 or 50 umts of parathyroid extract were less decisive m theu effect on 
the specific content of m the tissues, but the larger dose appears to have 
caused a lower mitial uptake of ladiophosphoius by the femur's, or to have 
mcreased the movement of ladiophosphorus therefrom Of the various 
observed effects of parathyroid extract upon the calcium and phosphorus 
metabohsm of these animals, the elevation m the serum calcium, the re- 
duced specific content of P^- m the femurs, and the accelerated urmary 
excretion of radiophosphoixis weie usually the most piomment 

A comparison of the effects of the action of 10 units of paiath 3 mid 
extract on fed and fasted thyropaiathyroidectomized rats (Groups 1 and 
2, Table III) is of particulai interest In Group 1, the serum calcium level 
of both the experimental animals and their controls was S 6 mg per cent 
at the end of the 18 hour ex^penmental peiiod, whereas m Group 2 the aver- 
age serum calcium of the ex^ierimental animals was 7 0 mg per cent and 
that of their controls 6 1 mg per cent The animals of Gioup 1 showed 
no obvious tetany at the end of the experimental period, but all of the ani- 
mals of Group 2 exhibited slight, moderate, or severe tetanv The serum 
morganic phosphorus of the experimental animals of neither Gioup 1 
or 2 was appreciably different from that of their lespectne contiols 
On the othei hand, the effect of parathyioid extract on the urmary excre- 
tion of radiophosphorus was quite definite The expeiunental animals 
of Group 1 excieted appioximately 14 5 per cent of the admmistered 
radiophosphorus and then controls excreted about 8 3 per cent In the 
case of the animals of Group 2, the ex^perimental animals excreted 14 9 
per cent of the admmistered radiophosphorus, vhile theu controls excreted 
only 5 1 per cent 

The easily demonstrable mciease in the urmaiy excretion of radiophos- 
phorus followmg the mjection of 10 units of parath3'T0id extract mdicated 
the feasibility of testmg the action of smaller doses Also, the foregomg 
experimental results mdicated the desirabiht}’’ of establishmg as closely 
as possible the mterval of time durmg which a relatuel 3 small amount 
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of parathyroid extract influences the uiinary excretion of injected radio- 
phosphoius Accoidingly, the following experiments neie earned out 
with these consideiations m mind 


It will be obseived that m the case of the th3U'opaiathyroidectorQized 
rats (Table IV) nhich leceived 5 units of parath 3 uoid extiact the urinary 
excxetion of ladiophosphoius after 1 houi n as m one mstance approximately 
as high as that obseived after IS horn's Foui expeiimental animals, 
that ueie saciificed after 1 hour, had excieted amounts of the radiophos- 
phoius repiesenting 2 27 to 15 20 per cent of the tracei dose In the same 
period then controls excieted 0 96 to 3 08 per cent of the tiacer dose 
Aftei 18 lioius, two experimental animals had excieted 12 45 and 15 50 
pel cent, lespectivety, of the admmisteied ladiophosphoius as compared 
with excietion \ alues of 3 90 and 2 89 pei cent by then lespectix e controls 
3 to 5 houis aftei the mjection of the labeled phosphate, tlnee of the four 
expeiimental animals had excreted amounts of the mjected radiophos- 
phorus comparable to the amounts excieted by the expeiimental anuuah 
that were sacrificed after IS horns The extiaoidmar}^ sensitivity of these 
th 3 aopaiathyioidectomized rats to paiathyioid extiact is clearly evident 
nhen then excretion i alues of radiophosphoius aie compared nith those 
of noimal animals uhicli leceived 5 units of paiathjuoid extract The 
axeiage amount of the admmisteied ladiophosphorus excieted in the urme 
of nme nomial lats (Table IV) dm mg the 18 hour experimental period 
was 9 12 pel cent as compared with 7 90 pei cent foi the contiols 
Indicatue of the small amount of paiath^aoid extiact actualb'’ required 
to accelerate the uiinaiy excietion of admmisteied radiophosphoms 
the th^Topaiath^Hoidectomized rats ueie the lesults obtamed after the 
mjection of 2 5 imits of parathyroid extract It null be obseived (Table IV) 

that one of the two experimental animals had excreted 12 76 per cent of 
the tracei dose of phosphate withm 1 houi, and that the othei excreted 


17 05 pel cent of the tiacei dose ivithm 5 hoiu*3 
The mci eased uimary excretion of ladiophosphorus by the thyro- 
parath^uoidectomized animals, foUonmg the injection of 2 5 or 5 uuds 
of paiathjuoid extract, does not appear to ha\e affected the uptake or the 
retention of ladiophosphorus m the muscle (Table IV) On the other 
hand, the slightly loner specific content of m most of the blood an 
bone samples of the experimental animals than that seen in then contro » 
may be attiibuted to the mcreased urmary excietion of radiophosphorus, 
which appears to have proceeded simultaneously nuth the absorption an 
distribution of the radiophosphoius It seems appaient that paiathyro ^ 
extract retarded the accumulation of the admmistered ladiophosp oni^ 
m the femurs to a large extent, if not entiieb’', by a direct 
kidneys, wheieby the urmar^^ excretion of radiophosphorus n as acce era e 
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This opinion is strengthened by some observations that were made on 
nepluectomized animals (Table V) that received mjections of parathyroid 
extiact and a tracei dose of phosphorus The results of these experiments 
show that m the absence of the kidneys large doses of parathyroid extract 
had no effect upon the uptake, retention, or fecal excretion of radiophos- 
phorus 


DISCUSSION 

It IS generally accepted that the fall m serum calcium, the immediate 
decrease m the urmary excretion of phosphate, and the retention of phos- 
phate m the blood foUowmg thyroparathyioidectomy are due to the loss 
of paiathyioid function, and not to the removal of the thyroid Conse- 
quently, m the mteipretation of our data we have considered these acute 
effects of thyioparathyroidectomy as mdicative of paiathyioid msufficiency 
alone 

Heretofoie, there has been a paucity of mformation concemmg the sites 
of phosphate retention m the body of the paiathyroidectomized animal, 
as well as some question whether the mcreased retention of phosphate, 
fiequently manifested by a high serum morganic phosphorus level, is 
the cause oi the effect of the decreased excietion of phosphate It has 
been shoivn m oui experiments that immediately followmg the loss of 
parathyzoid function m fed rats (Table I) the urinary excietion of admmis- 
tered radiophosphorus was sharply deci eased, and that the amount of 
the radiophosphorus letamed m the various tissues apparently depended 
upon then relative mass and phosphorus content Also, it was obseived 
m the rat in the absence of the kidneys (Table V), but with the paiathyioids 
presumably unimpaired, that the amounts of ladiophosphoms found m 
the various tissues after the injection of a tracer dose of phosphate presented 
a similar pattern to that obseived m rats with mtact kidneys, but with 
no parathyioids Fiom these obseivations, it appears that the mcreased 
retentipn of ladiophosphorus m the various tissues of the th3Topara- 
thyroidectomized rats was caused by an mcreased uptake of the radio- 
phosphorus, due to a decreased abihty of the kidney to excrete the labeled 
phosphate at the time it Avas being absorbed and taken up by the tissues 
That the failure of parathyroid function, so far as phosphorus metabolism 
is concerned, fiist occui’s m the kidneys is further mdicated by the increase 
m the urmary excretion of radiophosphorus and the noimal retention pat- 
tern of the unexcreted portion m the tissues vhen sufficient amounts of 
parathyroid extract were admmistered to thyroparathyroidectomized rats 
(Table II) 

The remarkable effectiveness of small doses of parathyroid extract m 
acceleratmg the urmary excretion of radiophosphorus m the fed or the 
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fasting thyiopaiathyioidectomized rat indicates an increased sensitivity 
of the kidney ‘to paiathyioid hoimone In the experiments m which 5 
units, 01 less, of paiathyroid extract weie used, the mjections of the ex- 
tinct and the tracei dose of phosphate were so spaced as to assuie the 
piobable appeaiance of a small amount of parathyioid hormone m the 
blood at the time the absoiption of the labeled phosphate began Prom 
the results of these expeiiments (Table IV), it appears hkely that the largei 
pait of the radiophosphoius found m the uime was excieted durmg the 
shoit mteival m which the labeled phosphate was bemg absoibed The 
lower specific content of m most of the livem and femurs of the hormone- 
tieated rats than that seen in then contiols strongly suggests that the 
uptake of ladiophosphouis was induced by the concurrent mcrease in the 
uiinary excietion of ladiophosphorus That parathyroid extract mcreases 
the uimary excietion of phosphate by causing a dimmished reabsorption 
of phosphate by the renal tubules has been affiimed by Harnson and 
Hairison (11), and denied by Fay, Behrmann, and Buck (12) 

The leason for the marked sensitivity of the kidney of the thyropara 
thyioidectomized lat to paiathyioid extract is not entiiely cleai Con- 
ceivably, a slower tui novel of phosphoius in the tissues, caused by the 
ether anesthesia, may have facilitated the action of parathyioid extract in 
promotmg the uimaiy excretion of the mjected radiophosphorus In any 
case, the practical significance of an mcieased sensitivity of the kidney to 
parathyroid extract is obvious It is believed that the data presented in 
this connection piovide the basis for the development of a method of detect- 
ing extiemely small amounts of paiathyroid hoimone 
Shellmg and Asher (13) have piesented evidence that the loss of the 
regulatoiy action of parathyioid hoimone on the urmary excretion of 
phosphorus may be partly offset by a diet contammg about 0 5 gm per cent 
of phosphorus and a laiger amount of calcium, whereby the excretion oi 
phosphorus is shifted fiom the uime to the feces Then best lesults were 
obtamed with a diet low m phosphoius and relatively high m calcium, m 
a ratio of about 0 25 1 The diet used m oui experiments contamed about 
1 54 gm per cent of calcium and 0 98 gm pei cent of phosphoius Even 
with this high phosphorus diet, we observed m lats (Table I), 2 to 5 dayi» 
aftei thyiopaiathyroidectomy, a maiked tendency of mjected radiop os 
phorus to shift from the urmaiy to the fecal loute of excietion Furt er 
mdication that the excess calcium of the mgested diet was a factor in pm 
motmg the excretion of phosphorus by way of the feces is seen 
the excietion values of ladiophosphorus shown by rats (Table I) 15 o 
days after thyxoparathyioidectomy It will be observed that the 
of ladiophosphoxois found m the feces of these animals was about P 
cent larger than the amoimt found m the feces of their normal con 
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.^Vlthough the e\cess calcium of the mgested diet appeals to ha\ e facilitated 
the fecal excietion of ladiophosphoius by the thyiopaiathyroidectomized 
animals, this alone does not account foi the mcreased excietion of radio- 
phosphorus 

A compensatoiy change m the kidney and a slo^^ ei turnover of phos- 
phoiois m the tissues, aiismg from the absence of the thyioid oi the paia- 
thyioids, may also have favoied the e\cietion of injected radiophosphoius 
The mcieased facihty with vhich mjected ladiophosphoius was e\cieted 
by lats 2 to 5 days aftei thyioparathyroidectomy would appear to be due 
to a compensatoiy change m the kidney, and not to a slovei turnover of 
phosphoius m the tissues However, the data suggest that withm a few 
days aftei thyroparath 3 aoidectomy a slower tuinovei of phosphorus in 
the muscle may have caused a decieased uptake of the mjected ladiophos- 
phorus, and hence favored a greater excretion of ladiophosphoius It will 
be observed that 7 to 12 days aftei thyropaiathyioidectomy the muscle 
tissue of the rats showed a loivei specific content of than that of the 
controls Furtheimoie, a decreased letention of ladiophosphorus m the 
muscle tissue is also seen m the animals which were tested 15 to 26 days 
after the opeiation At that time these animals also showed a highei 
urmary and fecal excretion of ladiophosphorus than their contiols, despite 
the fact that their tissues, w ith the exception of muscle, shoived about the 
same, or a highei, specific content of than the coiiespondmg tissues of 
the contiols These observations suggest that the lowei letention of radio- 
phosphoms m the muscle tissue ^vas due to a decreased uptake of ladio- 
phosphorus, which may have occurred as the lesult of the failure of 
paiathyroid function m the muscle This opmion is strengthened by the 
evidence piesented by Blown and Imiie (14) and Imrie and Jenkmson (15) 
that the parathyioid glands are concerned with the metabolism of cieatme 
phosphate These authois observed that the cieatme phosphate m the 
muscle of thyropaiathyroidectomized cats, m which the S3’’mptoms of 
tetany were w^ell maiked, tends to be lowei than m normal cats, and that 
followmg stimulation of the muscle the late of lesynthesis of cieatme phos- 
phate was very much slow^er than that obseived m noimal cats Furthei- 
more, they observed that the cieatme phosphate and the oithophospliates 
m the muscle of thyioparathyroidectomized cats tieated wuth parathyroid 
extract resemble the noimal 


SXIMjUARY 

The distiibution, letention, and excretion of admmistered radiophos- 
phorus (P^^) has been determmed both m untreated thyroparathyroidec- 
tomized rats and untreated bilaterally nephrectomized rats, and m rats 
similarly operated on after the mjection of parath 3 rroid extract 
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1 Dunng the first 24 hours following thjropaiathyroidectomy, tbe 

urinary and fecal excretion of injected radiophosphorus decreased sbaiply 
The amounts of the administered ladiophosphorus letamed m the various 
tissues appealed to depend only upon their relative mass and phosphorus 
content ; 

2 Within 48 hours after thyiopaiathyroidectomy, the unnary and fecal 
excretion of adxmnistered radiophosphorus ing^reased markedly, and 15 to 
26 days after the operation exceeded the control value As the excretion 
of radiophosphorus increased, its retention in the tissues decreased, but 
only in the case of muscle did the retention value of radiophosphorus drop 
below the contiol value 

3 A ievei*sal of the marked retention of mjected radiophosphorus m the 
tissues durmg the first 24 hours after thyroparathjo'oidectomy and an 
mcieased urmary excretion of the administeied radiophosphorus occurred 
when doses of 20 to 500 units of parathyroid extract were injected 

4 The prompt action of 5 units of parathyroid extiact in promoting the 
urmar}^ excretion of administeied radiophosphorus m the th 3 rroparath}TOid- 
ectomized rat is mteipieted as evidence of a direct action of parathyroid 
hormone upon the kidney 

5 After bilateral nephrectomy, the admmistration of parath 3 UOid extract 
had no effect upon the distribution, retention, oi excretion of radiophos- 
phorus 


The authom are gieatly mdebted to Professor E 0 Lawrence, director, 
and to Di Joseph G Hamilton, and the lest of the staff of the Radiation 
Laboratory of the University of Cahforma foi supplying the radiophos 
phoms used in these experiments 
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THE ROLE OF .UIIXO ACIDS EN' THE REX-VL TL^CLIR 
SECRETION OF .AXEMOXIA' 

W U IOT^PLICII S.ND R F PITT& 

{hroin iht DinirlincnU oj Pn , loh j / Sr^racu^t L nu^r^iity Colltye of \Ud cit e 
i^jrucu t and Cunitll I ntur it j Medical CvlUye \tic } ori City) 

(UcctULtl lor publication February 10, 

Dunng the course ot 24 hours the normal indmdual excretes the equun- 
lent of 300 to 500 ml oi 0 1 \ acid in combination \nth ammonia This 
quantity, houc\er, represents onh a fraction oi the renal capacit>’ to ex- 
crete ammonia, tor the diabetic m severe acidosis rD3\ excrete more than 10 
time:? this amount The ongm and mode oi excretion of urinary ammonia 
ha\ e been disputed tor a number of \ ears In 1921 Xash and Benedict (1) 
showed conclusueh that it is iormed m the kidney trom some precur- 
sor m the bIcod In 1940 Walker (2) demonstrated directh that the cells 
ot the lower two-thirds of the distal comoluted tubules ot the amphibian 
kiclne} 5\Tithesize and actitely secrete ammonia into the tubular unne 
It IS probable that the distal segments ot the mammahan tubule hmction m 
a similar manner Host mxesbgators ha've considered urea to be the 
plasma precursor of urmarx ammoma (3, 4), others hate imphcated ammo 
acids (5) or the amide nitrogen of plasma proteins (6) In general these 
\iew 3 hate been based more on speculation than on conclusne evidence 
Recently, howeter, Van SItke and his associates (7), stiidt^mg the renal 
extraction ratios of the set eral nitrogenous constituents of the plasma, have 
clearh’ demonstrated that m the acidotic dog some 60 per cent of urmart 
ammonia is denved from the amide nitrogen of plasma glutamine, and the 
remaming 40 per cent from plasma amino nitrogen Urea dees not con- 
tnbute to urmart’ ammonia (S, 9) The stm thesis of ammonia by the ceUs 

ot the renal tubules from both glutamine and ammo acid signifies that these 
precursors must undergo deamidation and deammation within those cells 
A glutanunase, present m kidney tissue (10), catalyzes the degradation ot 
glutamme to glutamic acid and ammonia At least three ammo acid oxi- 
dases, likewise present m kidney tissue, catalyze the deammaticn ox certain 
ammo acids to their correspondmg keto acids and ammoma These are 
glycine oxidase (11), d-ammo acid oxidase (12), and Z-ammo acid oxidase 
(12, 13) Presumabb^ one concern of these enzjTiies m the hi-ong animal is 
the sxmthesis and secretion of ammoma by the kidney This presumption 
would be considerably strengthened if it were demonstrated that the excre- 

^ This htudj was aided grants irom the John and ^larv R MarUe Foundation 
and the United States Public Health Service 
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glycine, (iZ-alanine, )-leucme, (2) dtaimnomonocarboxyhc acids, l(+)- 
arginine hydiochloiide and ^(+)dysine hydiochloiide, (3) monoaminodtcar- 
boxyhc acids, J(+)-glutaniic acid and dZ-aspartic acid, (4) a hydrolysate of 


Table I 

Effect of Aimno Acid AdminislTaiion on Renal Tubular Functions of Amifioma 
Secretion and Ammo Nitrogen Reab^oriptxon 


Total 
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Urine 
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Experiment 1 

f 

Dog 11, d/-alanme 
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ml per 
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m eq 

m eq^ 

mg per 

mg per 

mg Per 



1 

cent 

cent 

mm 

mtn 


per mm 

Per mvt 

mm 

mtn 

mtn 

105-115 

7 31 

13 6 

4 24 

31 3 

53 6 

6 6 

5 18 

0 073 

0 059 

2 27 

0 06 

2 21 

115-125 



4 22 

29 6 

56 2 

5 7 

4 94 

0 076 

0 072 

2 37 

0 05 

2 32 

140-150 

7 31 

13 7 

8 16 

30 0 

62 9 

5 6 

5 13 

0 137 

0 070 

5 14 

1 09 

4 05 

150-160 



8 50 

27 5 

68 4 

5 7 

5 10 

0 141 

0 071 

5 82 

1 35 

4 47 

175-185 



13 5 

27 6 

73 7 

6 5 

5 18 

0 165 

0 071 

9 95 

3 46 

5 49 

185-195 



14 9 

28 3 

72 7 

6 9 

5 27 

0 170 

0 071 

10 8 

4 18 

6 66 

210-220 

7 31 

14 7 

19 9 

28 1 

77 4 

8 2 

5 48 

0 179 

0 066 

15 4 

7 03 

8 37 

220-230 



20 0 

28 3 

82 1 

9 2 

5 51 

0 182 

0 069 

16 4 

1 

8 00 

8 42 
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Experiment 2 Dog 11, Z(-f)-glutamic acid 




165-175 

7 30 

12 4 

4 62 

29 4 

62 1 

7 0 

4 78 

0 081 

0 080 

2 87 

0 08 

2 79 

175-185 



4 57 

29 4 

61 2 

6 9 

4 76 

0 086 

0 088 

2 80 

0 07 

2 73 

200-210 

7 30 

12 1 

6 77 

28 3 

59 0 

6 9 

4 84 

(f'oss 

0 098 

4 00 

0 SO 

3 20 

210-220 



7 63 

28 3 

66 1 

5 3 

4 88 

0 088 

0 096 

5 04 

1 21 

3 83 

235-245 



11 8 

27 4 

68 6 

6 0 

5 14 

0 085 

0 088 

8 10 

3 61 

4 49 

245-255 



13 2 

27 8 

72 5 

7 0 

5 22 

0 089 

0 089 

9 57 

5 01 

4 55 

275-285 

\1 27 

13 4 

19 7 

28 3 

67 6 

7 9 

5 36 

0 079 

0 092 

13 3 

8 53 

4 79 

4 in 

285-295 



20 6 

28 4 

66 2 

76 

5 37 

0 075 

0 092 

13 6 1 

9 23 

4 dU 


casern Avith added tiyptophane The data obtained in two lepiesenta ne 
experiments on Dog 11 aie presented m Table I In Experiment 1, ^ 
mg two imtial control peiiods, dZ-alanine was administered at such ara 
to inciease the plasma amino nitiogen concentiation from its contro va 
of 4 2 to 20 0 mg pei cent The degiee of acidosis m this 
moderately seveie, as is indicated by plasma pH values of 7 31 an 
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hoiKite (ontciitb of 13 to 15 lUM pci litei As a consequence of this acidosis 
the unnc w is highly icid ind immonia was cxcietcd in the contiol periods 
it the elc\ atcd i itc of 0 073 to 0 076 milliequivalent pei minute The ad- 
minibti ition of alininc cuiscd an immediate and shaip use in the late of 
immonii excietion Doublmg the plasma amino nitiogen concentiation 
appiOMin itch doubled the late of ammonia elimination Fuithei in ci ease 
m pi ism i imino acid concentiation, although mcieasing ammonia pioduc- 
tion, did so to a piogrcssncly dimmishmg degiee 

Experiment 2 was peifoimed m a fashion identical wath that of Expeii- 
ment 1 with the exception that /(+)-gIutamic acid was infused m place of 
t//-ilimnc In ordci to avoid lapid changes m acid-base balance the glu- 
tamic acid 111 the infusions was half neutralized ^ It is appaient that the 
dcgiee of icidosis, the contiol rates of ammonia excietion, control levels of 
plasm i ammo mtiogen, and the lange of mciease m plasma ammo nitiogen 
concentiation weie neail}^ the same m the tw^o experiments Yet it is 
cquall}'' ippaient that the ludney did not utilize Z(+)-glutamic acid foi the 
pill pose of inci casing ammonia excietion In fact the late of ammonia ex- 
cietion lemamed constant, wathin the lange of accuiac}'' of the exqDeiimental 
pioceduies, thioughout the expeiiment The data of these tw^o experi- 
ments assume added significance wdien view ed m the light of the obsei vation 
of Blanchaid et al (13) that Z(4-) -glutamic acid is not oxidatively dea- 
mmized b}’' Z-amino acid oxidase, w^heieas dZ-alanme is so affected by both d 
and / foims of that enzyme present m kidney tissue (12, 13) 

The data obtamed in sixteen exqDeiiments similai to those presented m 
Table I are sumraaiized in Figs 1 to 6 In the uppei poition of each figuie 
the late of excietion of ammonia ovei and above that of the two contiol 
periods is plotted against the plasma concentration of amino nitrogen In 
the low^ei portion the late of reabsoiption of ammo nitrogen ovei and above 
that of the two control periods is similarly plotted agamst the plasma con- 
centration of ammo nitrogen Thus, m each pair of graphs values foi the 
control periods w^ere arbitrarily set at zero This appeared to be justifiable 
because of the close agreement betw^een the control observations of the 
sevei al expel imen ts ^ 

3 Preliminary experiments indicated that half neutralization of glutamic and 
aspartic acids produced minimal disturbances of the acid base balance, i e neither 
expansion nor depletion of the alkali reserve, changes that \sould have seriousb 
disturbed the experiments 

^ The extent of the acidosis in the several experiments was relatively constant, 
the bicarbonate content of the plasma was maintained within a range of 11 to 14 
mM per liter The control values for plasma amino nitrogen were similarly'’ constant 
within limits of 3 5 and 4 6 mg per cent Amino acid excretion was negligible in 
control periods of all experiments, and the rate of ammonia excretion varied between 
0 060 and 0 090 milliequivalents per minute 
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In Figs 1 and 2 aie giouped the data obtained in experiments m which 
monoaminomonocarboxyhc acids weie administeied Arbitrarily included 
in this group aie the data obtained on administration of casein hydiolysate 
It IS evident fzom the iippei graplis of Figs 1 and 2 that glycine, dZ-alanine, 
Z( — )-leucme, and casern hydrolysate all significantly increase the rate of 
ammonia excietion m the acidotic dog, glycme and alanine being somewhat 



Fig 1 Monoaminomonocarboxyhc acids Rate of tubular secretion of ainnionm 

and tubular reabsorption of ammo nitrogen as functions of plasma ammo nitrogen 
concentration Dog 11 


moie effective at all plasma concentiations The most rapid increase m 
ammonia excietion is effected by moderate elevations in plasma con centra 
tion, le to 8 01 10 mg pei cent of ammo mtiogen Fuithei inci eases in 
the plasma concentiation of glycine and alanme aie accompanied by mi 
incieases m ammoma excietion, but the late steadily declmes and aplnteau 
IS reached at plasma concentiations of 20 to 25 mg per cent 
casern hydiolysate tend to pioduce their maximum stimulating 
ammonia excietion at somewhat lowei plasma concentiations n 
these ammo acids is subject to oxidative deamination iii vitro m the pres 
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Pig 2 Monoaminomonocarboxyhc acids Rate of tubular secretion of ammonia 
and tubular rcabsorption of amino mtrogen as functions of plasma amino nitrogen 
concentration Dog 6 



Fig 3 Diaminomonocarbo\ylic acids Rate of tulular secretion of ammonia 
and tubular reabsorption of ammo nitrogen as functions of plasma amino nitrogen 
concentration Dog 11 

of reral deaminases glycine by glycine ovidase (11), /(— )-leiicme by Z- 
ammo acid oxidase (13), and dZ-alanine and ceitain components of casein 
hydrolysate by both d- and Z-amino acid oxidase (12, 13) 
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In the upper giaphs of Figs 3 and 4 aie grouped the data obtained in 
experiments m which the diaminomonocaiboxylic acids, Z(+)-arginme and 
Z(+)4vsme, weie infused The change m ammonia excretion follo\Mng the 



PLASMA AMINO NITROGEN (MILLIGRAMS PERCENT) 

Fig 4 Diaminomonocarboxyhc acids Rate of tubular secretion of amnioma 
and tubulai reabsorption of ammo nitrogen as functions of plasma ammo nitrogen 
concentration Dog 6 



Fig 5 IMonoammodicarboxylic acids Rate of tubular secretion of 
and tubular reabsorption of ammo nitrogen as functions of plasma ammo n 
concentration Dog 11 

admmistration of these ammo acids is neghgible The small 
ammonia excretion eaily in both of the aiginine experiments i&of 
significance No change which was out of the range of exTpeiimen a 
of the procedure occuried m the lysine experiments These lesu s 
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well with the demonstration by Bhnchaul et al (13) that the Z forms of the 
chb \sic amino acids do not undergo oxidative deamination under the m- 
flucnce of i-amiiio acid oxidase 

In the uppei gi aphs of Figs 5 and 6 are giouped the data obtamed in ex- 
pciimcnts m which the monoaminochcarboxyhc acids, Z(+)-glutamic acid 
and d/-aspartic acid, wcic infused No significant change occuired m am- 
monia cxcietion in cithei glutamic acid cxpeiiment Howevei, the changes 
111 the aspaitic acid experiments are significant and comparable in magni- 
tude to the increa‘=cs effected v ith leucine and casein hydrolysate Z-Ammo 



Fig 6 Monoaminodicarboxylic acids Rate of tubular secretion of ammonia 
and tubular reabsorption of amino nitrogen as functions of plasma amino nitrogen 
concentration Dog 6 

acid oxidase does not affect either the d or Z foims of the dicarboxyhc acids 
tn vitro (13) This agrees with the fact Z(+)-glutamic acid caused no 
mcrease in ammonia excretion On the other hand d-amino acid oxidase 
does effect the oxidative deammation of d-aspaitic acid in vitro (12), theie- 
fore the mci eased rate of ammonia excretion m the aspaitic acid ex- 
periments probably resulted fiom the oxidative deamination of the d com- 
ponent of the nuxture by the d-amino acid oxidase of the kidney If this is 
so, it is then evident that the correlation betw^een the activity in vitro of the 
lenal enzymes in deammation of ammo acids and the stimulation tn vivo of 
ammonia synthesis and secietion by those same ammo acids is a perfect one 
for the hmited senes of ammo acids studied 
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DISCUSSION 

There is evident in the data presented above a correlation between the 
activity of the renal enz 3 ^mes, glycine oxidase, d-amino acid oxidase, and I- 
anuno acid oxidase, acting in vitro on then lespective substrates and the 
capacity of these same substrates to enhance ammonia ehmination i7i vm 
m the acidotic dog This observation suppoits the geneial thesis that 
ammo acid oxidases m the kidney of the intact animal aie concerned, among 
othei things, \Yith the synthesis and secietion of ammonia and hence play a 
role in the renal regulation of acid-base balance 

Theie has fuithei appealed m these experiments some degree of correla- 
tion between the capacit 3 " of the kidney to utihze an ammo acid foi the s}ti- 
thesis of urinaiy ammcnia and the capacity of the lenal tubules to reabsorb 
that same ammo acid ^ This corielation is evident on comparmg Expen- 
ments 1 and 2 cf Table I Thus at plasma concentrations of 20 mg per 
cent some 8 mg of ammo nitrogen w eie reabsoibed pei minute m the alanine 
expel iment, in which the rate of ammonia ehmination was more than 
doubled On the other hand, only 4 mg of ammo nitrogen nere 
reabsoibed per minute m the glutamic acid experiment, m which the rate of 
ammonia elimmation lemained nearly constant This correlation is also 
apparent in the gi aphs of Figs 1 to 6 Thus it is evident that glycine and 
alanine, which considerably augment ammonia ehmination, are reabsorbed 
by the lenal tubules to a relatively gi eater degiee Leucine, somew^hat less 
active m stimulatmg ammonia secietion, is leabsoibed to a lesser degree 
Lysine, aiginine, and glutamic acid do notmcrease ammonia pioduction ana 
are pooily reabsorbed by the lenal tubules Two obvious exceptions are 
evident Casein hydro Ij'^sate, which is leabsorbed to an extent comparab e 
wuth glycine and alanme, is less effective than either m augmenting 
ammonia secretion, c^Z-aspartic acid, although poorly reabsorbed, appi^ 
mately doubles the rate of ammoma ehmination The reasons for the^® 
exceptions aie not immediately obvious How^ever, the basis for the cor 
lelation, m so far as one exists, might be found m one of two possible exp^ 


nations Fust, diffeient physical piopeities of the various ammo 


may deteimine the different lates of penetration of those acids into , 
of the lenal tubules, both from the tubular uime and the peiitubular 
On the othei hand, some common chain of mtraceUular reactions img 
pai ticipate m both the processes of tubular leabsorption of ammo aci m r^^ 
gen and tubular synthesis of ammoma Smce the evidence has imp ca 

® This corielation by no means implies that the ammo acid which is 
IS that w hich is deamimzed to form urinary ammoma The quantity o ^^0 

gen reabsorbed alw ays greatly exceeds that which is deaminized m am 
thesis 
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lenal ammo xcicl oxidases in the tubulai synthesis and secietion of ammonia, 
it IS tempting to assume that these same enzymes are likex\ise involved m 
the tubiilai le ibsoiption of ammo acid nitiogcn It has been sho\\Ti that 
ammo icids unde i go chemical icactions of a fiist oiclei t3’'pe duimg then 
tubuhi le ibsoiption (21) The exact natuieof these leactions isobscuie 
IIo\\c\er, it uould appeal logical to assume that ammo acid oxidases aie 
in\ohcd This assumption is consistent \ntli the fact that deammation is 
i nccessaiy prelimmai}^ to most leactions in w Inch ammo acids aie mvolved 
(22,8,23) 

7n vilro^ the rate of deammation of ammo acids by a hmited quantity of 
ammo acid oxidase is a cumlineai function of the concentiation of the sub- 
strate At high concentrations a limiting late of deamination is attamed 
which IS chaiactenstic foi each ammo acid Fuitheimoie, late of deamma- 
tion is directly piopoitional to enzyme concentiation (13) One may note 
in Figs 1, 2, 5, and G that, in vivOj the rate of secretion of ammoma is simi- 
larly a cui\ahncai function of plasma ammo nitrogen concentiation, and 
that at high plasma concentiations a linutmg rate of excietion is attamed 
which is chaiactenstic for each ammo acid It might be assumed that the 
rate of ammonia ehmmation at high plasma levels of ammo acid is hmited 
b}’' the rate of deammation of substrate by a fixed, limited quantity of en- 
zyme Withm the hmitations of these data this assumption is consistent 
with the observed facts 

It has been repeatedl}'' obseived that, if a given quantity of acid is ad- 
mimstered to an animal each day ovei a peiiod of several decys, the quantity 
of ammonia elimmated m the uiine piogressively mcieases with time until 
the ammonia output becomes equivalent to the acid intake (24) This mny 
repiesent a puiely functional lesponse of the kidney to piogressive depletion 
of the alkah resei ve of the body It may, however, lepiesent a type of bio- 
chemical compensation expiessed as an increase in the intracellular concen- 
tration of ammo acid oxadase and glutanunase Such an increase in enzyme 
concentration might enable the kidney to mciease its ammonia pi educ- 
tion at normal plasma concentrations of glutamine and ammo acid That 
the plasma concentiations of these two substrates are unchanged m acidosis 
IS evident from the woik of Van Slyke et al (7) on glutamme, and 
the present study on ammo acids 

SUMMARY 

A repiesentative numbei of ammo acids have been admmistered to acido- 
tic dogs by mtravenous infusion The rate of tubular secretion of ammonia 
and the late of tubular reabsorption of ammo nitiogen have been studied at 
a series of comparable plasma concentrations of each ammo acid It has 
been demonstrated that glycme, dZ-alanine, ?(~)-leucme, dZ-aspaitic acid, 
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and a hydiolysate of casern pioduce an mciease m the late of ammonia 
secretion m the acidotic dog K+)-Arginme, Z(+)-lysme, and Z(+)-glu- 
tamic acid aie mthout such an effect It has been shoum that the capacity 
of these ammo acids to altei ammonia secietion m vwo is coiielated iiell 
with their susceptibihty to oxidative deammation in vitro by renal ammo 
acid oxidases Tins has lead to the conclusion that lenal anuno acid oxi 
dases aie concerned m the livmg animal vith the synthesis of ammonia bv 
the kidney and hence play an impoi tant idle m the lenal legulation of acid 
base balance It has been fiuthei noted that theie exists a coiielation be- 
tween the extent to which an ammo acid can mciease ammonia secietion 
and the extent to which that same ammo acid is reabsoibed by the lenal 
tubules The basis foi this coiielation is not definitely knoivn, but it lias 
been pioposed that eithei the physical piopeities of the seveial ammo acids 
or a common chain of mtracellulai leactions might similaily limit both 
tubulai pi o cesses 
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PREP VR VTrOX OF DIPPIOSPHOPYRIDINE NUCLEOTIDE- 

B\ G V Li PAGP 

(/ rom Ihi Me [idle Laboiotonjj UnivcrsUy of Wtscojisuif Madtson) 

(UtLCi\ctl for public ition, I'tbru^iry 21, 1947) 

A iLieat pvibhcition feumnei et al (1) cbbuisses the need foi a sim- 
plified method of pioducing diphospliop 3 aidine nucleotide (DPN), a 
compound needed in btudies of mmi}'' enzyme systems These authors 
cill attention to the complevity of available methods and piesent a new 
pioceduie, which though somewhat simplified, uses expensive mateiials and 
gi\es \cn low 3 uekls The potenc 3 ’' ot then piepaiations is difficult to 
estim ite, since thc> base it upon xn enzymatic assay ot the DPN content 
of the 3 "eist used is souice mateiial, without lefeience to an 3 '’ standaid 
Datx picsented foi mtiogeu, caibou, hychogeu, and phosphoius aie not 
those ot piiie DPX and aie ickiiow lodged to be a pool ciiteuon of puiit 3 ’^ 
While the3 piesent spectiophotometiic data foi wave-lengths of 210 to 300 
myi with a peak at 260 mjm these aie chaiacteiistic ot othei adenine nu- 
cleotides genei dl 3 ’' tound as impuiities in DPN piepaiations No data 
aie gixen foi the ibsoiption of the i educed toim at 340 mpi 

It is the pill pose of this papei to piesent a method which has been m 
use in oui laboi atones foi ovqi a yeai, during which time it has served 
to supply needs foi some 25 gm of DPN pieparations at low cost Pressed 
bakeis^ 3 ^east appeals tn be the most geneially available and cheapest 
souice material^ A method desenbed by Williamson and Green (2) 
provides a simple means of obtammg a DPN concentiate m good yield 
Wilhamson and Gieen lepoit obtammg, b}^ this method, mateiial assaying 
65 per cent and possessmg no phosphoms-contammg impunties Usmg 
then pioceduie eithei exactly as desenbed oi as shghtly modified in oui 
final method, we consistently obtain piepaiations assaymg 27 to 30 pei 
cent and contaming consideiably moie phosphoius and pentose than can 
be asenbed to the DPN content 

Pi ocedtii e foi Ci ude Pi eparahon 

A vessel contammg four liteis of distilled w ater is heated, wath mechanical 
stirring, m such mannei that heat is supphed rapidly ^Vhen the tempera- 

* This research was aided by a grant from the Jonathan Bowman Fund for Cancer 
Research 

1 It IS important that this be fresh, since yeast obtained when 2 da>s old gave ap- 
proximately tw ice the yield given by that w hich had been stored 1 w eek in the re- 
frigerator 
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tuie has reached 92°, addition of the crumbled yeast is begun It is 
added as rapidly as possible ^\Tth the temperature mamtamed at 90-92° 
WTien 10 pounds of >east have been added, the heat is mthdiawn and the 
vessel IS immersed m cold water and lapidly cooled to room temperature 
The yeast suspension is filtered on Buchner funnels mth suction, iiith a 
filter aid such as Hyflo Super-Cel A pressure filtermg device is used foi 
this operation uhen available - The filtrate, 4000 to 4300 ml , is treated 
wth 10 pel cent of its volume of 25 per cent basic lead acetate solution, 
Pb(OAc )2 Pb(OH)o, and the resultmg precipitate filtered out and dis 
carded The filtrate from the lead treatment is adjusted to pH 6 5 uith 
acetic acid, chilled, and 50 ml of 25 per cent silver nitrate solution stuied 
m The resulting precipitate is permitted to settle m the refrigerator and 
the bulk of the liquid decanted off The slurry is centiituged in 250 ml 
bottles and the supernatant discarded The silver precipitate is u ashed 
three times ^^^th successive portions of chstilled water, each appioximafely 
3 times the volume of the packed precipitate Washing is earned out 
in the centiiluge bottles The precipitate is stured up m 50 to 70 ml of 
watei and decomposed vith hydrogen sulfide The silvei sulfide is cen 
trifuged, u ashed once unth a small volume of water, and discaided The 
supematant and wash are filtered and aeiated free of hydiogen sulfide 
5 volumes of cold acetone are added The lesultmg precipitate, uhich 
contains the DPN, is centrifuged in the cold, the supernatant discarded, 
and the precipitate dried in vacuo over sulfuric acid The jicld at thiJ> 
pomt IS 1200 to 1500 mg of material assaymg 27 to 30 per cent DPN 
While this amount of material can be carried through the rest of the 
procedure uith essentially the same recoveries, it is almost as readih 
carried out uith 5 oi 10 times as much material Consequently this cniue 
preparation is allowed to accumulate before fuithei purification is begim 


Pi ocedw e foi Second Stage of Puuficaiion 
The crude cozymase (10 gm ) is dissolved in 775 ml of 0 1 M acetic acid 
and to it aie added 25 ml of 25 per cent lead acetate, Pb(OAc)'’, 
hteis of 95 per cent alcohol The solution is chilled to 0° The lesu tmg 
precipitate is centrifuged and discaided The supernatant is tieated 
25 per cent silver nitrate m excess (appioximately 50 ml ) and the sn 
salt of DPN centrifuged do urn m the cold Aftei the precipitate is 
once m the ceirtiifiige bottle vnth approximately twice its ^ 

water, it is suspended m 100 to 150 ml of water Hydiogen su ^ 
passed m to decompose the silver salt This decomposition 
a few minutes if one stoppers the bottle and shakes it once or twice 
the gassing The silver sulfide is centrifuged, washed once, and c isc ^ 

2 We have been able to facilitate greatly this operation with a Sparkler ho 
pressure filter 
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E\cess hydiogen sulfide is aerated off^ and the solution is neutrabzed to 
pH 7 0 with sodium hydro\ide, care being taken to avoid locabzed areas 
of Ingli pll The volume is made up to 400 ml ivith distilled water and 
72 gin of cli ucoah added The suspension is shaken or stnred vigoiously 
foi 20 minuteb, then filtered on a fritted glass filtei with suction E\pen- 
iiients with vinous ratios of chaicoal and DPN demonstrated that under 
tlicbc ciicumstances the DPN is all adsoibed on the charcoal The chai- 
coal lb Wtished, on the filtei, with 300 ml of 2 pei cent trichloioacetic acid 
(to lemovc sodium ions) and with 100 ml of w^atei These w^ashes do 
not iemo\e an}’’ DPN as shown by complete absence of pentose m the 
filtiates The washed chaicoal is suspended in 360 ml of a 20 pei cent 
pyiidme^'-SO pei cent water mixture (volume) and stiried vigorously foi 
20 minutes Then the chaicoal is filtered off on the fntted glass funnel 
and the elution repeated The two eluates are combined and concentrated 
under reduced piessuie at 30-35° with a water aspirator The pyridme 
keeps the pll wuthm safe limits When the volume has been reduced to 
40 to 50 ml (pH now 4 0 to 4 5), the solution is filtered to remove the last 
traces of chaicoal and treated with 6 to 7 volumes of cold acetone The 
precipitation is best earned out m small, successive portions m a 50 ml 
centrifuge tube This minimizes losses due to material adhering to the 
sides of the tube "When it has all been centrifuged dowoi,*^ the precipitated 
DPN IS diied tii vacuo ovei sulfuiic acid 

The diy mateiial can be scraped from the tube and ground m a moitar 
Smee the material is hygioscopic, it is advisable to dry the powder agam 
The vield is now 3400 to 3800 mg of w^hite material assaymg 63 pei cent 
DPN, with consistent 80 pei cent recoveries of the DPN originally present 
in the crude material 

Assay 

Our preparations are first tested in a biological system requiring DPN, 
the malic dehydiogenase system (3) If amounts of the preparations 
coriesponding to 50 to 200 7 of DPN aie added per Waiburg flask, an almost 

^ If at this point the DPN is precipitated ^\ith acetone and dried, the resulting 
preparation is 54 to 57 per cent DPN and the recovery of the DPN present in the 
starting material is approximately 90 per cent These preparations, and the starting 
material, both exhibit, in biological systems, effects attributable to traces of heavy 
metals 

^ Norit A decolorizing charcoal proved most suitable This tends to have alkaline 
salts present in it as received, and it is best to w ash it on a Buchner funnel ith \\ ater 
and air dry it befoie use 

^ Even the reagent grade pyridine that w e obtain contains small amounts of colored 
material, which all appears in the final DPN preparation unless eliminated Dis- 
tillation from glass served to remove these undesirable impurities from the pyridine 

^More centrifuging is required when the DPN reaches higher potency than when 
it IS in a very crude state as it w as earlier in the procedure 
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lineal lesponse is obtained Largei quantities can be added to obtain a 
plateau on the oxidation rate The latter gives an indication as to whether 
a piepaiation contains tiaces of heavy metals, since the accumulated 
effect of these is to lo^\el oxidative lates 

Measuiement of the absoiption of the leduced foim of DPN at 340 my. 
as fiist used by Waiburg and Christian (4) appeals to be the most precise 
method of assay ^ This was accomplished m oui laboiatory by use of a 
Beckman spectiophotometer The details of this assay were worked 
out by Di Van R Potter, vnih. whose permission they are mcluded m 
this manuscript 

The assay procedure is as follows The DPN sample is made up as a 
1 pel cent solution To a 16 X 150 mm tube is added 0 20 ml of water + 
0 50 ml of fresh 1 pei cent sodium bicarbonate, followed by 0 10 ml of 
the 1 pel cent DPN pieparation (1000 y) 2 ml of a freshly prepared 3 
per cent solution of sodium hydrosulfite in 1 per cent sodium bicarbonate 
are prepared m a small tube with cautious stirnng to avoid aeration A 
0 20 ml ahquot of the sodium hydrosulfite solution is added to the tube 
containmg the DPN sample, mixed m gently, and allowed to stand 20 
mmutes at room temperature without further agitation Now to the 
sample tube aie added 9 0 ml of a 1 per cent sodium bicarbonate-1 per 
cent sodium caibonate solution The mnxture is aerated for 5 mmutes to 
lemove excess hydrosulfite Aeration is by means of compressed air 
passed througlr a watei wash The sample is used to obtain absorption 
at 340 mju m the Beckman spectrophotometei 

A readmg can be taken with a second ahquot not receiving the reduction 
tieatment This provides a collection for absorption of the oxidize 
foim 01 any impurities Our final preparations have a neghgible absorp 
tion at 340 m/x before reduction Some of the crudei pieparations shou 
approximately one-tenth as high an absolution befoie as aftei reduchon 

For calculation of the DPN concentration, the constant given 

^ The original procedure was not proposed as an assay but has been 
used for assay purposes without its being stated whether the reduction was ca 
out m Warburg flasks with 95 per cent No 5 per cent CO2 m the gas phase n 
present procedure the ratio of A'a S O* to DPN has been increased, the use 0 
gas mixture has been eliminated, and the reaction is carried out at room tenipe 
The concentration of Na S2O4 is such that exclusion of oxygen is unnecessar}^ 
fresh bicarbonate is used, the pH remains m the correct range of 7 4 to 7 9 
reduction w ithout having 5 per cent COo in the gas phase On standing, 
solutions lose CO. and the pH rises to above SO In this pH range, the 
product absorbs at 340 mji but its maximum is at 360 mpi and it can be observe v 
as a yellow color, it is believed to be the free radical or half reduced 
unlike the fully reduced compound it is reoxidized by air in the presence 0 
so that the Ezaq decreases on standing (5) (V R P 
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burg's review as the avciage of the best piepaiations was used (6) The 
\ahie foi i?3i5 Avas given as 1 3 X 10’ cm -pei mole which conveits to 8 5 X 
10^ cm - pel gm Ihc Ez\q Aalue is about 2 pei cent highei than the £^345 
but the const mt h is been used ns gi\en On this basis, the concentration 
111 niiLiogi ims pel ml is given by multipl3ang the £^310 (1 cm ) by 118, and 
since the s iinplcs iic made up it n concentration of 100 7 pei ml this value 
Is also the pci cent puiitj^ of the sample 

The following vaiiations in the ossa}'' method weie found to have no effect 
on the icsult (1) incieased amounts of sodium hydrosulfite up to 12 mg , 
(2) incubation of the sample, nftei leduction, foi 15 to 90 minutes, (3) m- 
cubntion at 38° instead of at loom tempeiatuie (20-25°), (4) aa ashing out 
the sodium bicarbonate solution A\nth 95 pei cent nitiogen-5 pei cent caibon 
dioxide and bubbling this gas thiough the samples duimg mcubation, (5) 
vauation m the bicaibonate fiom 0 20 to 0 70 ml , (6) variation m the DPN 
sample from 0 10 to 0 50 ml , (7) aeration be^^ond 5 minutes 

DISCUSSION 

The piepaiation of DPN desciibed aboA^e lequiies lelatively small quan- 
tities of solvents and depends chief!}'' upon cheap chemicals, such as lead 
salts and chaicoal The Avhole piocedure can be accomplished am thin 2 to 3 
days wlule othei woiL is earned on The main poition of the avoiL, the 
accumulation of crude DPN b}^ the slightly modified Williamson-Green 
method, can be earned out by undei graduate pait time helpeis or technical 
assistants A\ith satisfacton lesults 

The u^e of chaicoal adsoiption has been desciibed for DPN puiification 
by Jandorf (7), and noAv moie lecentty by Sumnei et al Hoaa eA^ei , Jandoif 
used it eaihei m the puiification pioceduie and accomplished elution bv 
shaking with an am3d alcohol-Avatei mntuie foi long peiiods We AAeie 
unable to obtam anythmg appioachmg complete elution b}^ this means, as 
appaientl}'' was the case m the method of Sumnei et al Pioceduies in- 
volving fi action ations with lead and alcohol have been used bA" Waibuig 
and Chiistian (4) and by Schlenk (8) foi DPN fractionations 

The ciiticism has been offered (1) that the spec tropho tome tiic assa} 
would be subject to eiroi because of the possible piesence of mactivated 
DPN, Avhich w ould be measuied but have no biological activity The assa} 
proceduie desciibed heie is as applicable to oui ciude pieparations as to oui 
best puiified mateiial This is mdicated by the lelationship between the 
results of spec tiopho tome tiic and biological methods AVhen potency ac- 
coidmg to the spectiopho tome trie piocedure mcreases 2-foId 01 moie, the 
activity in the biological system (malic dehvdiogenase) increases piopor- 
tionately 
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SUMMARY 

A lelatively simple proceduie is descnbed foi obtammg diphosphopjTi- 
dme nucleotide from bakeis^ yeast m ^uelds of 515 to 715 mg of preparation 
pel 10 pounds of yeast The preparations are white, amorphous powders 
sho\ving no ti ace metal effects m biological systems and assaying 63 per cent 
DPN by the measurement of reduced foi m at 340 m/z A description of the 
assay pioceduie is mcluded 

The authoi wishes to acknowledge the assistance of Di Van R Potter 
^Yho provided both the biological and spectiophotometnc assays of our 
piepaiations 
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Ricin, the highly to\ic, hemagglutmatmg piotem of the castor bean, 
has aluajs been of gieat mteiest to the chemist and the immunologist 
(1-4), paitly because it may readily be obtamed in considerable quantities 
Earlier methods of piepamtion ^vere earned out before the development 
of modem phj^sicochemical and immunochemical methods for character- 
izing pioteins and data aie theiefoie lackmg on the puiity and homogeneity 
of the products obtained 

In the present report a summaiy is given of a portion of a study earned 
out duimg 1943-45 m consultation and collaboiation with, other laboi atones 
engaged m parallel investigations which, it is hoped, ^\ill soon be published 
Since results and mateiials ^^ere fieely exchanged, some of the data m- 
cluded heie weie obtamed on matenal from other laboratories, as m- 
dicated m the text 


EXPERIMENTAL 

Purification of Ricin — ^A partially purified sample of ncm (Lot A) was 
supphed by Di OH Alderks of The Procter and Gamble Company 
It had been piepared accordmg to Dr A H Corwm of Johns Hopkms 
Umveisity by extraction of pressed castor beans with water at pH 3 8, 
piecipitation of the toxm by saturation with sodium chlonde, solution of 
the precipitate in water, and reprecipitation at pH 8 by saturation with 
sodium sulfate Most of this material was obtamed from castoi beans 
without selection as to color Other samples which had been prepared 
from white, giay, reddish gray, or black beans were identical m all prop- 
el ties exammed 

7 5 gm of Lot A w^eie dissolved m water and the msoluble mattei was 
centrifuged off (71 mg of N) The solution and w^ashmgs (650 mg of N), 
at a volume of 300 ml , were treated with Na 2 S 04 solution saturated at 
37° Piecipitation was interrupted after 175 ml had been added The 
precipitate (Fi action Bl) was centrifuged off and the supernatant treated 
-with an additional 95 ml of warm saturated Na 2 S 04 solution The pre- 
cipitate (Fraction B2) was centnfuged off, leaving m the supernatant Frac- 
tion B3 w^hich Avas precipitated by saturation with Na 2 S 04 Fractions Bl 
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and B2 eie each dissolved m w ater and freed from insoluble matenal Frac- 
tion B1 ^ as reprecipi tated twice fiom a volume of 150 ml by addition of 87 5 
ml of uarm satmated Na 2 S 04 solution The matenal m the supernatants 
from these leprecipitations A\as designated Fraction Bl' Fraction B2 \\as 
not further purified Fraction B3 as taken up m a small \ olume of water 
and freed of a small amount of to\m (Fraction B3a) by addition of 45 per 
cent by volume of saturated Na 2 S 04 solution, leaving the supernatant, 


Table I 

Fractionation of Lot A by Sodium Sulfate 



Fraction Bl 

Fraction BP 

Fraction B2 

Fraction BJa 

Fraction 

B3b 

\ield, mg N 

303 

27 

35 

s 

202 

Hd,* degrees 

-28 

-32 

-32 

-39 


Mimmum hem- 

0 3 

0 3 

0 3 1 

0 3 


agglutinating 





■i 

dose, y A' 

1 






Intraperitoneal toxicity for mice 



injected 






7 






0 01 

'0/3t 

0/3 


0/3 


0 1 

3/3 <96 hrs t 

3/3 <96 hrs 

3/3 0 days 

1/3 <95 hrs 

i 

1 

3/3 <24 “ 

3/3 <24 “ 

3/3 <70 hrs 

3/3 <45 “ 


10 

3/3 <24 “ 

3/3 <24 “ 

3/3 <20 “ 

3/3 <30 “ 


100 






1000 

! 






* Optical rotation calculated for protein = N X 6 25 
t The number of deaths within 10 dajs to the number of mice injected 
t Longest life period of an> mouse w hich succumbed 


Fraction B3b Yields, optical rotation, hemagglutmating 
toxicity for mice are given m Table I It is evident that most o 
toxm 'was concentrated m Fraction Bl, A\hich shoved the lovest spec 
rotation Fraction B3b, which contained about 30 per cent of the 
soluble N, had less than 0 0001 of the toxicity of Fraction Bl an ^ 
readity dial 3 ’'zable thiough cellophane membranes 

The toxicity of the fractions was estimated by mtiapentoneal 
of 0 5 ml of 10-fold serial dilutions of solutions standardized 
of nitrogen content Female mice weighing 20 db 3 gm weie 
bemg mjected with each dilution Death or survival for 10 da^^s w 
as the end-pomt 
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The hem igi^liitin iting potent} w ib mcabuied as the minimum quantity 
of mtioj^eii giving defmite agglutination (+) of 0 2 ml of a 4 per cent 
buspensiou of w ished human gioup 0 ciythiocytes All tests \\eie carried 
out m a volume of 1 ml and veie lead aftei incubation at 37° for 1 hour 

Ciystalline Ricin — Ricin was obtained m ciystallme foim by Kunitz^ 
and also by Cannan - Samples of thiee oi foui times ciystalhzed material 
were made available thiough the couitesy of Dr R K Cannan, Dr M 
Lev3 , and Di A E Benagba of New York Univeisity 

Characterization of Crude and Pmified Ricin — K comparison of the 
properties of ciude ncin (Lot A), of Fiaction Bl, and of crystallme iicm 
is given m Table II Both Fi actions Bl and crystallme ricin show^ed a 
lowei optical lotation than did the cnide iicm, they were both election 
jihoictically and ultiacentiifugally homogeneous, while Lot A show^ed tw^o 
components in the ultiacentiifuge and thiee components by elec tiophoresis 
Fiom sedimentation and diffusion, Fiaction Bl w^as found to have a 
moleculai weight of loughly 85,000 foi a paitial specific volume of 0 75 
The sedimentation constant of ciystalhne iicm was shghtly lowei, leading 
to a moleculai weight of 77,000, a value not consideied significantly differ- 
ent from that of Fiaction Bl, since piecise tempeiatuie contiol w^as not 
possible during the measuiements of sedimentation From these data a 
frictional latio, ///o, of 1 2 w^as found foi Fraction Bl and the cystallme 
product, indicating a latio of length to Avidth of about 4 oi 5 foi a cy- 
Imdrical oi ellipsoidal shape and an unhydiated molecule The mobihties 
of Fraction Bl and ciystallme ricin weie determmed ovei a pH lange of 4 0 
to 8 5 The lespectne isoelectiic points weie calculated as 5 2 and 5 4 to 
5 5, values that were piactically the same 

A more piecise comparison of the toxicity of these preparations was 
obtamed by determining the nunimum quantity of nitrogen (1 toxic unit) 
necessaiy to kill a 20 gm mouse m 24 hours (modification of a method 
described by Di A H Convm^ of Johns Hopkms University) Ten mice 
were used foi each sample to be assayed Assays w^ere carried out at 
New York University and at the Univeisity of Chicago thiough the couitesy 
of Dr R K Cannan Data m Table II mdicate that samples of Lot A 
and Fraction Bl were only one-thiid and two-thirds as toxic as cr3^stallme 
iicm 

The hemagglutmatmg potencies of Lot A and Fiaction Bl were about 
the same within experimental eiroi , 0 3 7 of N givmg mmimum agglutina- 
tion of 0 2 ml of a 4 pei cent suspension of w'^ashed human eiythiocytes 
when the tests were earned out in saline The hemagglutmatmg power of 

^ Kunitz, M , personal communication 

2 Cannan, R K , personal commumcation 

3 Corwin, A H , personal commumcation 



Table II 

Properties of Ricin Preparations 



IiOt A 

Fraction Bl 

Crystalline ricin 

[aln , degrees 

-41 5 

-28 to -30 

-26 

Sedimentation constant, Sj 

5 1 (67%) 

5 3* (100%) 

4 8 (100%) 

and relative concentrations 

0 8 (33%) 



of components 




Dsd X 10^ cm 3 per sec 


6 Of 


Mol Vti t 


85,000 

77,0001 

f/fo 


1 2 

1 2§ 

Approximate ratio of length 


4-5 

4-5 

to widthll 


1 



Electrophoretic mobility (u X 10^) and % components 


8 5 

1 

7 4 i 

6 05 

5 0 j 

4 9 

4 0 

Isoelectric point, pH 

-1 0 (19%) 
-1 9 (77%) 
-4 1 (4%) 
-1 3 (96%) 
-3 5 (4%) 

-2 2 (100%) 

-1 2 (100%) 

-0 6 (100%) 

+0 2 (100%) 

5 2 

-2 2 (100%) 
—31 (Trace) 

-1 0 (100%) 

-0 3 (100%) 

+0 5 (100%) 

+2 1 (100%) 

5 4—5 5 

Minimum hemagglutinating 
dose, 7 1 

In saline I 


0 3 

3-5 

“ 1 100 normal rabbit 

0 3 

0 3 

0 5 

serum 

Toxic unit per 20 gm mouse, 

0 76 

0 40 

0 25 

Crystalline ricm content from 

' 33 

63-67 

100** 

toxicity data, i e toxic N % 



- 


Quantitative precipitin reaction w ith 1 0 ml 1 20 pooled rabbit anti-Fraction 


N added 


B1 serum 


Extinction (Folin Ciocalteau) of 1 0/2 5 ml aliqootof 
washed ppt. 


0 5 

1 
2 
3 
5 

7 0 
10 
15 


0 067 
0 117 
0 206 
0 276 
0 43 
0 593 
0 71 
0 79 


0 103 
0 175 
0 36 
0 51 
0 70 
0 84 
0 97 


0 09 
0 175 
0 335 
0 47 
0 68 
0 87 
0 93 
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1 VBLL II — Concluded 


N added 

EitmcUon (Folm Ciociltcaul of 1 0/2 5 ml aliquot of 


ashed ppt 


X to gi\c extinction of 0 6, -y 

7 G , 

■1 0 1 

4 0 

Immunologicalb active ncm 

53 

100 

100** 

m preparation, % 

Detoxified in preparation. 

20 

33-37 

0** 

%tt 





* Average of 5 3, 5 4, 5 2, and 5 4 for several preparations at concentrations of 0 77, 
0 53, 0 50, and 1 05 mg of N per ml At 2 0 mg of N per ml S was 5 0 

t V\ erage of 5 98 and 0 08 for t\% o preparations, corrected to t\\ o significant figures 
t Fora partial specific volume of 0 75 

§ The diffusion constint is assumed to be the same as for Fraction B1 
II From ///o, for cylindrical or ellipsoidal shape 
^ Determined at the University of Chicago 
** Vssumed 

tt Immunologic ally active nciii minus cr>stallme ncm content from toxicity data 


crystalline iicin, however, was found to be only about one-tenth that of 
Fraction B1 Gilman and Plnlhps^ observed that addition of normal 
scrum increased the hemagglutmating potency of ciystallme iicm This 
was confiimed (Table II) By fi actional precipitation ivith acetone it was 
found possible to obtam fractions with as httle as one-fortieth of the hemag- 
glutinatmg power of Fi action B1 Addition of serum or of 0 5 per cent 
of formalm restored hemagglutinatmg potency These data suggest that 
hemagglutmatmg power, while a characteristic of ncm itself, is mfluenced 
by the piesence of other substances 

Antisera to Fraction B1 and to crystalline ncm w^ere prepaied by im- 
munization of rabbits wnth a formalmized to\oid prepared as foUow^s 
A solution containing 0 5 mg of N of Fraction Bl per ml , buffered at 
pH 7 4 with 0 02 u phosphate and 0 15 m NaCl and contammg 0 5 per 
cent formalm (1 part of 37 per cent foimaldehyde solution to 200 parts of 
buffered ncm solution at pH 7 4), was kept at 37° for 5 days (m some 
instances 5 per cent formalm w^as used) This procedure resulted m 
about a 100- to a 1000-fold reduction m toxicity w^hen 0 5 per cent formalm 
was used, and about a 1000-fold i eduction in toxicity with 5 per cent for- 
malm Complete detoxication could not be obtamed wath formalm, as 
had previously been repoi ted by Heymans (5) Marked less of antigenicity 
occurred with formalm at pH 8 5 and above Before use, the formahnized 
toxoid was precipitated by addition of enough 1 pei cent alum to msure 
maximum flocculation Because of the mcomplete detoxication and the 
extreme susceptibiUty of the rabbit to ncm it w^as found necessary to 

* Gilman, A , and Phillips, F S , personal commumcation 
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give each rabbit subcutaneous injections of 2 5, 5, and 5 7 of toxoid N 
at 5 day intervals to induce some immunity befoie mtravenoiis injections 
weie started Each labbit then leceived foui intravenous injections 
ueekly for 4 veeks, as follows tuo mjections of 0 01 mg of N, two of 
0 03, foul of 0 05, foul of 0 15, and four of 0 50 mg of toxoid N Rabbits 
ueie bled by cardiac pimctuie 5 days aftei the last injection A later 
couise of mtravenoiis mjections could be given ivith 0 5 or 1 mg of N 
pel mjection The animals became so resistant to the toxic effects of 
iicm that immumzation could be continued vath equal doses of an alum 
precipitate of imdetoxified 11 cm 

Antuicm seia may be standardized by measuimg then capacit}^ to 
neutrahze the toxic effects of 11 cm on mtiapeiitoneal injection mto mice 


01 by assay of then mhibition of the hemagglutmating power of ncm 
Assays of the potency of a large number of rabbit antisera and of several 
horse and goat antisera by both methods gave parallel lesults within 
experimental error, piovidmg strong support for the concept that hemag 
glutmatmg powui and toxicity are properties of the same piotem molecule 
A comparison of the immunochemical propeities of Fraction B1 and 
crystallme 11 cm was Woided by deteimmation of then lelatue capacities 
to precipitate with rabbit antincm sera These analyses weie carried 
out by addition of mcieasmg amounts of a given piepaiation of iicm to a 
measmed volume of antisemm Aftei 1 hour at 37° and 1 week m tlie 
ice box the piecipitates w^eie centiifuged off, washed twice m the cold 
ivith salme, dissolved in watei with the aid of 1 01 2 diops of 0 5 N NaOH, 


and made up to 2 5 ml Ahquot portions \veie analyzed by a modification 
of the Folm-Ciocalteau tyrosine method as described by Heidelberger 
and MacPheison ( 6 ) Extmction readmgs in the photoelectnc colorimeter 
plotted against the amounts of antigen mtrogen used gave a smooth curre 
up to the point of complete piecipitation of antibodv The curves obtaine 
with different preparations of 11 cm could be compared with respect 
then capacities to piecipitate antuicm by deteimmmg the ratios of tie 
amounts of antigen lequiied to give the same extmction Fionr Table 
it IS evident that equal amounts of Fraction B1 or ciystalhne ncm mtrogen 
weie of equal potency, withm experimental eiior, in precipitatmg antincm 
from an antiserum to Fraction B1 Similai lesults were obtamed 
an antiserum to crystalline 11 cm The extmction values obtamed 
equal amounts of Lot A, how^ever, weie unifoimly lower Comparison^^ 
the amounts of Lot A and of ciystalhne iicm 01 Fraction B1 
qiuied to give an extmction leadmg of 0 6 indicates that 7 6 7 of A 0 
weie xeqmied m contiast to 4 0 7 of N of fiaction B1 or ciysta me r 
With lespect to its content of mateiial immiuiochemicall^ 

Lot A would be only 4 0/7 6 01 53 pei cent pure Compansons m. 
any extmction readmg m the antibody excess range may be use 
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^Vfter lemoval of the bpecific piecipitates, supernatants were divided 
111 lulf and tested foi the presence of antibody oi antigen With the 
anti^cuim to Fraction B1 as well as with antiserum to crystalline ricm, 
it was found that a given supernatant did not con tarn both antigen and 
uitibody, even when crude pioducts such as Lot A were used Super- 
nut in ts contained excess antigen or antibody, and m some mstances 
ncithci intigen nor antibody could be detected As demonstrated by 
Kend ill (7), this piovides strong evidence that the antisera contamed only 
iiitibod\ to a single intigeii, in this instance antibod}'' to crystalhne ncm 
01 its immunologic il equivalent 

Although ci 3 ^stalline ncm and Fi action B1 were immunochemically 
identical on a nitiogen basis, in addition to having the same electrophoretic 
uid ultiacentiifugal propeities wnthm expenmental error, Fraction B1 was 
only about two-thuds as toxic as crystalhne ncm This was taken to m- 
chcatc that a poition of the iicm m Fraction B1 was non-toxic Lot A 
also contamed more ncm (53 per cent) by immunochemical analysis than 
could be accounted for by toxicity assays A number of other crude 
iicm-contammg fi actions were analyzed by both methods and, m each 
instance, it w^as found that about one-thud to one-half of the immuno- 
chemically measuied ncm was non -toxic 

Accorchngbq it was considered of mteiest to try to establish whether 
this non -toxic form of iicin existed m the mtact castor bean or whether it 
w as a result of chemical treatment m the couise of purification A number 
of different extracts of castoi beans were assayed for their content of 
mateiial immunochemically reactive as ncm and by Dr A E Benagha 
foi toxicity and heat-coagulable piotem The results are given m Table 
III Samples 272 and 0 were obtamed from mtact castor beans The 
hulls were lemoved and an aqueous extract was prepared Samples 217, 
218, and M weie extracts of castor beans pressed to remove oil. Sample 
217 had been defatted with carbon tetrachloiide-petroleum ether In aU 
mstances, even m the aqueous extracts of shelled castor beans, ratios of 
toxic N to immunologically reactive N ranged from 0 46 to 0 64, mdicatmg 
the presence of considerable non-toxic ncm In these extracts the im- 
munologically active nitrogen accoimted for most of the heat-coagulable 
pro tern 

Smee crystalhzation effects a sepaiation of the toxic and non-toxic 
forms of ncm, it could be anticipated that the mother hquors, after removal 
of as much crystalhne ncm as possible, should con tarn a low^er proportion 
of toxic N to immunologically reactive N than the crude products Sample 
216, obtamed from Dr R K Cannan, Dr M Levy, and Dr A E Benagha, 
was such a mother hquor The data m Table III show that the ratio of 
toxic to immunologically active N m this product was only 0 32, as com- 
pared with values of 0 46 to 0 64 for the unfractionated samples 
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Estimation of immunologically leactive N by the quantitative precipitin 
method has been useful m folloiving enzymatic digestion of iicm by pepsin 


Table III 

Correlation of Immunologically Active and Toxic Nitrogen in Ricin Containing 
Crude Fractions of Castor Beans 


Sample No 

272 

0 

1 

217 

218 1 

M 1 

216 

Crystal 
line nan 

Total N, mg 'per ml 

3 38 

1 14 

4 46 

2 74 

5 38 

12 35 


Coagulable N, mg per ml 

0 92 


1 58 

0 72 

2 04 

10 32 



(27%) 

(23%) 

(34%) 

(26%) 

(38%) 

(81%) 

100 % 

T u ,* 7 N per 20 gm mousef 

2 2 

2 6 

2 6 

2 6 

1 9 

1 6 

0 35 

100 X * “ ’ 

15 5 

13 4 

13 

13 

18 

21 

loot 

t u , sample 








= % toxic N 









Quantitative precipitin reaction w ith 1 0 ml 1 20 pooled rabbit anti-Fraction 

B 1 serum 


N added 

Extinction (Folin Ciocalteau) of 1 0/23 ml aliquot of 
solution of ashed ppt 

y ' 

0 5 

! 






0 09 

1 







0 17o 

2 







0 335 

2 5 

0 101 

0 113 

0 135 

0 119 

0 113 

0 315 


3 







0 47 

5 

0 226 

0 255 

1 0 243 

0 233 

0 228 

0 538 

0 68 

7 5 

0 328 

1 0 350 

1 0 368 

0 294 

0 373 

0 ^05 

0 87 

10 

0 429 

i 0 48 

i 0 47 

0 42 

0 475 

0 81 

0 93 

15 

0 581 

1 0 62 

i 0 63 

0 545 

0 575 

0 97 


20 

0 695 

1 0 74 

, 0 735 

0 655 

0 735 

1 14 


30 

0 84 

1 0 89 

0 895 

0 805 

1 0 89 

1 30 


40 

0 98 

1 1 07 

1 04 

0 95 

, 1 05 

1 40 


N to give extinction of 0 6 , 7 

15 8 

il4 5 

14 

,17 2 

14 4 

6 0 

4 0 

Immunologically active N, 

25 

|28 

28 5 

23 

28 

66 

loot 

% of total N 







1 n 

Ratio, toxic N to immuno- 

0 62 

0 48 

0 46 

0 57 

0 64 

0 32 

1 u 

logically active N 


i 





— - 


* Toxicity unit 

t Determined at New York University 
X Assumed 

and tiypsm Digestion of ricin by pepsm at pH 4 oi by trypsin at 
or 8 5 was foimd to take place slowly, 1 to 2 weeks being require 
appearance of 40 to 50 per cent of products of low molecular weig 
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data m T\ble IV show that the disappeai ance of substance immuno- 
chermcally reactive as iicin coiiesponded closely to the appearance of 
material of low molecular weight and to loss of toxicity 


T\ble IV 

Digestion of Crystalline Ricin by Pepsin and Trypsin 


Total N prcopiiablc by 

Peptic digest 

Control 

Tryptic digest 

1 Control 

Trichloroacetic acid, % 


100 



Half saturation w ith NajS04, % 


100 

56 


Non dialyzable N, % 

■■ 


58 5 

■■ 


Quantitative precipitin curves of digested and untieated materials with 1 0 ml 
1 20 dilution of pooled rabbit antiricm serum 


N added 

1 Extinction (Folm Ciocaltcau) of 1 0/2^ ml aliquot of solution of washed ppt 

y 

1 


0 088 

0 154 

0 093 

0 193 

2 


0 141 

0 305 

0 192 

0 384 

4 


0 302 

0 568 

0 368 

0 65 ^ 

6 


0 40 

0 75 

0 466 

0 825 

8 


0 56 

0 875 

0 613 

0 94 

10 


0 68 

1 03 

0 715 

1 10 

15 


0 83 

1 15 

0 87 

1 19 

20 


0 99 

1 22 



N to give e\tin( 

:tion of 0 6, Y 

8 8 

4 0 

7 7 

1 3 9 

Immunologically active N, % 

46 

100 

51 

100 

ToMcity for mice 





0 05 Y N injected 



1/3 6 days 

3/3 < 45- 






95 hrs 

0 10“ “ “ 


2/3 < 70, 

3/3 < 45- 





95 hrs 

70 hrs 




^ After dialysis of the digested samples the non dialyzable N showed 93 per cent 
of the precipitating po^\e^ of crystalline ricin with antiserum 


DISCUSSION 

By fractional precipitation with sodium sulfate it is possible to obtain 
a highly toxic protem (Fraction Bl) which is electrophoretically, ultra- 
centnfu gaily, and immuno chemically homogeneous, and identical by 
these criteria with samples of crystalbne ncm ^ ^ However, Fraction Bl is 
only two-thirds as toxic as the crystalline pioduct Assays were made of 
a variety of crude extracts of castor beans and of partially purified products 
for toxicity and for material immunochemically identical with ncm 
These showed that there was uniformly less toxic mtrogen present than 
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give each rabbit subcutaneous injections of 2 5, 5, and 5 7 of to\oid N 
at 5 day intervals to induce some immumty before mtravenous injections 
weie started Each labbit then leceived foui mtravenous injections 
weekly for 4 weeks, as follo\^s two injections of 0 01 mg of N, two of 

0 03, foul of 0 06, foul of 0 15, and four of 0 50 mg of toxoid N Babbits 
weie bled by cardiac punctuie 5 days aftei the last mjection A later 
course of mtravenous mjections could be given -with 0 5 or 1 mg of N 
pel injection The animals became so lesistant to the toxic effects of 
11cm that immumzation could be continued mth equal doses of an alum 
piecipitate of imdetoxified 11cm 

Antuicm sera may be standaichzed by measuimg then capacity to 
neutrahze the toxic effects of 11cm on mtiapeiitoneal mjection mto mice 

01 by assay of then inhibition of the hemagglutinatmg powei of ricin 
Assays of the potency of a large numbei of labbit antisera and of several 
hoise and goat antiseia by both methods gave paiallel results vithin 


experimental eiior, piovidmg stiong support for the concept that hemag 
glutmatmg powei and toxicity aie properties of the same piotem molecule 
A companson of the immunochemical properties of Fraction B1 and 
ciystallme 11cm was afforded by deteirmnation of then relative capacities 
to precipitate with rabbit antiricm seia These analyses weie carried 
out by addition of mcieasmg amounts of a given preparation of iicin to a 
measured volume of antiserum After 1 hour at 37° and 1 veeL in the 
ice box the precipitates were centrifuged off, washed t^^^ce m the cold 
with sahne, dissolved m watei vnth the aid of 1 01 2 drops of 0 5 N NaOH, 


and made up to 2 5 ml Ahquot poitions were analyzed by a modification 
of the Folm-Ciocalteau tyrosine method as descnbed hy Heidelberger 
and MacPherson (6) Extmction leadmgs m the photoelectiic colorixnctei 
plotted agamst the amounts of antigen nitiogen used gave a smooth cune 
up to the point of complete precipitation of antibody The curves obtamec 
with different piepaiations of ricm could be compared with respect to 
then capacities to precipitate antiiicm by determimng the ratios of t e 
amounts of antigen lequiied to give the same extmction From Table 
it IS evident that equal amounts of Fraction B1 01 ciystallme ncin mtrogen 
were of equal potenc3^, witlnn exqierimental error, m precipitating antincm 
fiom an antiserum to Fi action B1 Smular lesults were obtained wi 
an antiserum to crystallme 11cm The extmction values ob tamed ivi^i 
equal amounts of Lot A, however, were unifoimly lower Comparison 
the amounts of Lot A and of ciystallme 11cm 01 Fraction B1 
quued to gu e an extmction leadmg of 0 6 mdicates that 767 of ^ 
weie lequued m contrast to 4 0 7 of N of fraction B1 01 ciystallme 
With lespect to its content of mateiial immunochemically reactive as 11c ^ 
Lot A would be only 4 0/7 6 or 53 per cent pure Compansons ma 
any extmction readmg m the antibody excess range may be use 
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Vitor icinovil of the bpecifio piecipitates, supernatants were divided 
m hilf and tcstotl foi the picsencc of luitibody oi antigen With the 
anti‘‘Ciiim to Iiattiou B1 u> well os with antiserum to crystalhne ricin, 
it w lb found th it a gneii bupeinatant did not contain both antigen and 
antibody, c\cn when crude pioducts such as Lot A were used Super- 
nituith cont lined excess antigen or antibody, and in some mstances 
neither intigen noi antibody could be detected As demonstrated by 
Kend ill (7), this provides strong evidence that the antisera contamed only 
inlibod\ to i single intigen, in this inst nice antibody to ciystalhne ricin 
oi its immunologu il cipin dent 

Vlthough cr}stillinc ricin and Fraction B1 were immuno chemically 
identical on a nitrogen b isis, in addition to having the same electrophoretic 
ind ultiacentiifug il properties within expeiimental error, Fraction Bl w^as 
only about two-thiids as toxic as crystalhne ucin This was taken to m- 
dicate that a poition of the riciii m Fi action Bl w^as non-toxic Lot A 
also contained more ncin (53 per cent) by immunochemical analysis than 
could be accounted for by toxicity assays A number of other crude 
ncin-contaming fi actions were analyzed by both methods and, m each 
instance, it was found that about one-thud to one-haK of the immuno- 
chemically measured ricin was non-toxic 

Accordingly, it was considered of mteiest to try to estabhsh whether 
this non-toxic form of iicin existed in the mtact castor bean or whether it 
was a result of chemical treatment m the course of purification A number 
of different extracts of castoi beans were assayed for their content of 
material immunochemically reactive as ricin and by Dr A E Benagha 
foi toxicity and hcat-coagulable piotem The results aie given m Table 
III Samples 272 and 0 were obtamed from mtact castor beans The 
hulls were icmoved and an aqueous extract was prepaied Samples 217, 
218, and M weie extracts of castor beans piessed to remove oil, Sample 
217 had been defatted with carbon tetiachloiide-petroleum ether In all 
instances, even in the aqueous extracts of shelled castor beans, ratios of 
toxic N to immunologically reactive N ranged from 0 46 to 0 64, mdicatmg 
the piesence of consideiable non -toxic ricm In these extiacts the im- 
munologically active nitrogen accounted foi most of the heat-coagulable 
protem 

Smee crystalhzation effects a separation of the toxic and non-toxic 
forms of iicm, it could be anticipated that the mother hquors, after removal 
of as much crystalhne iicm as possible, should con tarn a lower proportion 
of toxic N to immunologically reactive N than the crude products Sample 
216, obtamed from Dr R K Cannan,Dr M Levy, and Dr A E Benagha, 
was such a mother hquor The data m Table III show that the ratio of 
toxic to immunologically active N m this product was only 0 32, as com- 
pared with values of 0 46 to 0 64 for the unfractionated samples 
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Estimation of immunologically reactive N by the quantitative precipitin 
method has been useful m following enzymatic digestion of ncm by pepsin 

T\ble III 


Correlation of Immunologically iclive and Toxic Nitrogen in Ricin Containing 
Crude Fractions of Castor Beans 


Sample No 

272 

1 

o 

i 

217 

218 

il 

216 

Crystal 
line nan 

Total mg 'per ml 

3 38 

1 14 

4 46 

2 74 

5 38 

12 35 


Coagulable mg per ml 

0 92 


1 5S 

0 72 

2 04 

10 32 



(27%) 

(23%) 

(34%) 

(26%) 

(3S%) 

mo) 

100 % 

T u ,*7 N per 20 gm mousef 

2 2 

2 6 

2 6 

2 6 

1 9 

1 6 

0 35 

t u , crystalline 
lOOX ^ r— 

15 5 

13 4 

13 

13 

18 

21 

lOOf 

t u , sample 








= % toxic N j 









Quantitative precipitin reaction w ith 1 0 ml 1 20 pooled rabbit anti-Fraction 

B 1 serum 


Extinction (Folin Ciocalteau) of 1 0/2 J ml aliquot of 
solution of washed ppt 
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0 
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♦ ToMCitj umt 

j Determined at New York University 
% Assumed 

and tiypsin Digestion of ricin by pepsin at pH 4 oi by trypsin 

or 8 5 was found to take place slowly, 1 to 2 weeks bemg required or^^^ 

appearance of 40 to 50 per cent of products of low molecular ueig 
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data m Table IV show that the disappearance of substance immuno- 
chenucally leactive as ncin conesponded closely to the appearance of 
material of low molecular weight and to loss of tovicity 


Table IV 

Digestion of Crystalline Ricin by Pepsin and Trypsin 


Totil V prccjpiUblc by 

Peptic digest 

Control 

Tryptic digest 

Control 

Trichloroacetic acid, % 

47 

100 



Half saturation w ith Na2S04, % 

47 

100 

56 

98 

Non dial>zable N, % 



58 6 

100 


Quantitative prccipitm curves of digested and untreated materials with 1 0 ml 
1 20 dilution of pooled rabbit antiricin serum 


N added 

1 Extinction (Folm Ciocaltcau) of I 0/2 5 ml aliquot of solution of washed ppt 

T 

1 


0 088 

0 154 


0 193 

2 


0 141 

0 305 

0 192 

0 384 

4 


0 302 

0 568 

0 368 

0 65 ^ 

6 


0 40 

0 75 

0 466 

0 825 

8 


0 56 

0 875 

0 613 

0 94 

10 


0 68 

1 03 

0 715 

1 10 

15 

20 


0 83 

0 99 

1 15 

1 22 

0 87 

1 19 

N to give extim 

3tion of 0 6, T 

8 8 

4 0 

7 7 

3 9 

Immunologically active N, % 
Toxicity for mice 

0 05 7 N injected 

0 10 “ 

46 

2/3 < 70, 

95 hrs 

100 

3/3 < 45- 
70 hrs 

51 

1/3 6 days 

100 

3/3 < 45- 
95 hrs 


^ After dialysis of the digested samples the non dialyzable N showed 93 per cent 
of the precipitating power of crystalline ncin with antiserum 


DISCUSSION 

By fractional precipitation mth sodium sulfate it is possible to obtam 
a highly toxic protem (Fraction Bl) \vhich is electrophoretically, ultra- 
centrifu gaily, and immuno chemically homogeneous, and identical by 
these cnteria with samples of crystalline ncm ^ - However, Fraction Bl is 
only two -thirds as toxic as the crystalline product Assays were made of 
a variety of crude extracts of castor beans and of partially purified products 
for toxicity and for mateiial immunochemically identical with ncin 
These showed that there w^as uniformly less toxic nitrogen present than 
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PURIFICATION AND PROPERTIbS OF RICIN 


immunologically active ncm nitrogen The amount of substance im- 
mimochemically identical ^^lth iicm accounted foi mcst, if not all, of the 
heat-coagulable piotem m these matenals It maj^ therefore, be inferred 
that the castor bean contams two pro terns, one of nhich is toxic, the 
other non -toxic, but ^\h^ch are immunocheirucally, ultracentrifugally, 
and electrophoretically identical The toxic ncm m the castoi bean ex- 
tracts and m purified products, includmg Fi action Bl, accounts for about 
one-half to two-thuds of the total ncm It is possible that further 
studies at various stages m the development and germmation of the castor 
bean might throw hght on the lelationships and mode of formation of 
toxic and non-toxic ncm 

The quantitative precipitm method could not be used to standardize 
antincin sera on the basis of their content of specifically precipitable 
mtrogen, since ncm was found to piecipitate normal serum piotem as well 
as othei protems The washed specific piecipitates from antuiem sera 
consisted of ncm, antuicm, and coprecipitated normal serum protein, 
but this did not mterfere with the use of cahbration cuixes of antincm sera 
for the estimation of the amounts of total ncm m vaiious preparations 

Alternative possibihties to the existence of toxic and non-toxic ncm in 
the non-cr}^stallme preparations have been considered but were rejected 
as contrary’’ to the e\udence For example, if it is assumed that, although 
ci^’^stallme ncm precipitates the same amount of total nitrogen from 
antisera as does the less pure Fraction Bl, the precipitate consists of more 
antibody and less non-specific protein, as might be expected, the antibody 
would be exhausted b}'' less crystalline ncm than by Fraction Bl Actuall> 
the equivalence zone is found at the same level of added antigen m both 
mstances This also disposes of the possibihty that ciwstalhne ncm 
precipitates less antibody and moie non-specific protein 

These studies provide an additional mstance of the value of quantitative 
immunochemical methods, especiaUj^ when used m conjunction with 
other physicochemical and biological techniques, m the charactenzation 
and estimation of protems (for other studies cf (8-10)) 


SUMMARY 

1 Highly toxic, hemagglutmatmg preparations of ncm can be obtained 
by fractional precipitation wnth sodium sulfate These pioducts are 
electiophoreticaUy , ultracentrifugally, and immunochemically homogeneous 
and identical m these lespects with ciystallme ncm, but aie only 
thirds as toxic The toxic and non -toxic forms can be separated b} cr3S 

taUization . ^ 

2 Immunochemical and toxicity assays of crude extracts of cas or 

indicate that these contam both forms of ncm 
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3 Riciu was found to have an iboelectiic point of about 5 2 to 5 5 and 
a molecular weight by sedimentation and diffusion of about 77,000 to 
85,000 foi AU \ssv\mcd pavtial specific volume of 0 75 
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THE APPLICATION OF FLAME PHOTOMETRY TO SODIUM 
AND POTASSIUM DETERMINATIONS IN 
BIOLOGICAL FLUIDS^ 

IIICIIVIID R OVERMVN and \ K DAMS 

(/ rom iht Department of Physiology^ University of Tennessee 
College of Medicine, Memphis) 

(Received for publication, January 3, 1947) 

The need foi a lapid, accurate method to deteimme quantitatively Na 
and K piesent together m biological fluids has been met by the procedures 
to be described The necessity of separatmg these elements prior to their 
determmation b}^ the various chemical methods usually emploj''ed has led to 
procedures which are often piohibitively tedious and tune-consummg 
The leccnt de\ elopment of flame photometiy has now^ made possible physi- 
cal methods of analysis in which chemical separation of Na and K is 
umiecessaiy (1, 2) 

Although we are dealing wuth Na and K deteiminations only, the 
prmciple of flame photometry oiigmally used by Lundegaidh (3-5), and 
modified and called the an -acetylene flame method by Cholakand Hubbaid 
(6), can theoietically be applied to the determination of all the alkalme 
metals At piesent the available commeicial instruments employ a lela- 
tively low’’ temperature flame which activates the ions rather than the 
metals themselves, the sensitivity of the photocells is such that the fines of 
the metals themselves would not be of sufficient mtensity to measure, and 
suitable optical filters foi othei metals are not leadily available 

The present repoit concerns the use of the Perkm-Elmei flame photo- 
meter (model 18)^ in sodium and potassium determinations on blood, 
plasma, led blood cells, and uime 

Materials and Methods 

The Instrument — ^The model 18 Perkm-Elmei flame photometer^ w’’as 
developed primal ily foi use m industry w^hen lapid and accuiate Na and K 
deteimmations on moiganic solutions are desired The mstiument consists 

* The work described m this paper was supported by a grant from the United 
States Public Health Service 

^ Manufactured by the Perkin-Elmer Corporation, Glenbrook, Connecticut 

2 Development of flame photometry to the point of commercial manufacture of a 
laboratory instrument was carried out at the Stamford Research Laboratories of the 
American Cyanamid Company The instrument used in these investigations was 
designed by the Perkm-Elmer Corporation to meet the demand of investigators who 
had used or heard of the instrument developed at the American Cyanamid Company 
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IliAME PHOTOMETBl FOR NA AND K 


essentially of (a) an aspiratoi and atonuzer operated by compiessed air, 
(6) a modified Meekei burnei , (c) two photocells with filters, (d) an amph- 
fier, and {e) a galvanometei Solutions are aspirated and atomized at a 
steady rate, iise mto the flame of the bumei wheie the elements aie heated 
to mcandescence, and the amount of light emitted at paiticulai wave- 
lengths IS measured by a null pomt galvanometei (1) The light to the Na 
photocell passes thiough an optical filtei whose highest pei cent trans- 
mission IS 5844 A (5465 to 6500 A), while the K photocell is coveied by a 
filter whose peak transmission is 7716 A (7000 to 9240+ A) ^ 


100 



of K 

In piactice the instiument is fiist calibrated with solutions of known ionic 
stiength covermg the lange of concentrations expected in the unknown 
solutions Thus the zeio point of the veimei controllmg the null point 
galvanometei may be set w ith distilled v atei and the 100 pei cent point 
with a solution contammg 100 paits pei million (0 01 mg pez cent) of ha 
by weight By makmg determmations on knomi solutions between these 
two pomts, calibiation curves aie constiucted (Figs 1 and 2) coveimg the 
lange of concentiations expected m the unknown solutions to be tested 
Although with suitable calibiations a concentiation of Na as high as 
10,000 ppm (1 mg pei cent) can be deteimmed, actual experience as 
levealed that the most satisfactory results are obtamed on solutions con 
tainmg less than 100 ppm each of Na and K (1) Consequently, dilutions 
of blood, plasma, lecl cells, and urme are necessaiv before determinations 
are made 

3 Fraser, W A , personal communication 
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Since the picscncc of i high concentration of one element may affect the 
leadings made on nnothci element, it is likewise important to use solutions 
for cihbiating the instrument ^\hlch contam appio\imately the same 
)clatwc imoiints of Xa and K as aie to be expected m the unknown In 
this icgud, it h IS been shown (7) that a solution contammg 1000 p p m of 
Na will gi\c i deflection amounting to 3 p p m on the K photocell, while a 
solution cont lining 1000 p p m of K will give a galvanometei deflection 
coiiesponding to 0 2 p p m on the Na photocell At the concentrations 
of Na and K cncounteied in the piocedures to be described, these eiiois 
are almost negligible, ne\ertheless it has seemed advisable to piepaie the 
standaicLs with this inteiference m mmd 



Fig 2 Calibration chait for Iv (0 to 100 p p m ) in the presence of 0 to 100 ppm 
of Na 

Befoie each unknown solution is lun through the mstiument, the zero 
pomt and the 100 per cent pomt are checked w ith the standai d solutions 
It has been found that lunnmg an “mtermediate standai d’’ (i c , some 
solution of known concentration betw^een 0 and 100 pei cent) is an ad- 
ditional check on the accuiacj’' of the calibiation 

The eiioi encounteied m flame photometric detei mmations on biological 
fluids is due to the fact that luns aie made on diluted samples and con- 
sequently the small machme eiioi (1 or 2 p p m) must be multiplied hy 
a lelatively large dilution factoi (usually a factor of 5 oi 6) Howevei, 
operation of the mstiument m the manner described and makmg multiple 
(three or five) leadmgs on each unknown will produce results which ha\e 
in accuracy of ±4 per cent of the total amount of Na present and ±3 
per cent of the total amount of K present (Table I) Thus, the accuiacy 
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piotein IS piecipitated by the slo^^ addition of 5 ml of 20 pei cent tiichloro- 
acetic acid and the piecipitate is lemoved by centiifugation 10 ml of the 
supernatant aie diluted to 50 ml Viith distilled 'v\ater and both Na and K 
aie deteimmed on the resultmg solution Smce whole blood contains 
appiovimately equal concentiations of Na and K, the cahbiation curve 
in this case is based on solutions containmg between 0 and 100 ppm 
of Na and 0 and 100 p p m of K In the dilution of whole blood used, 
scale leadings foi Na he bet\\een 20 and 45, coiiespondmg to beti\eeii 
15 and 40 p p m of Na, i\hile the scale leadings foi K he beti\een 30 and 
40, coiiespondmg to betM een 20 and 35 p p m of K m the diluted imknoini 



Fig 3 Calibration chart for K (0 to 50 p p m ) in the presence of 0 to 300 p P 
of Na 

Red Blood Cells — Eiythiocytes aie sepaiated from plasma by repeated 
centrifugation at 3000 r p ai toi a total of 1 hour The plasma and the 
top layei of led cells are lemoved by a suction pipette and 1 ml of red 
cells IS pipetted fiom the bottom of the centrifuge tube and is diluted 
and laked ^Mth 20 ml of distilled watei The protem is piecipitated by 
the slow addition of 3 ml of 20 pei cent tiichloioacetic acid The pre* 
cipitate is lemoved by centrifugation and Na is determined on the resulting 
supernatant By this method normal human red cells appeal to contain 
less than 20 mg pei cent of Na , 

10 ml of the supernatant are fuithei diluted to 50 ml with disti e( 
water and K is determmed by means of a cahbiation curve based on 
solutions contammg between 0 and 100 ppm of Na and 0 and 100 p P 
of K Scale leadmgs, with such a dilution, he between 36 and 40, cor 
lespondmg to between 30 and 35 p p m of K 
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iiitu — I to 3 ml of mine is diluted to 100 ml with distilled watei 
uid the lesult mt solution is used diicctly to determme both Na and K 
ihc c ilibi ition ch uts used foi these determinations depend entirely upon 
how concenti itcd the uiinc is Tiial iiins aie made in oidei to asceitain 
whcthei the sc lie is to be set at 100 p p m oi higher 

With the methods of sample pieparation described above, values for 
Xa uul K in whole blood, plasm i, icd blood cells, and uime have been 
obtamed on 00 humm subjects The aveiage values and the ranges are 
presented m Tible II It will be seen that the average values obtamed 
h} this method igice quite well with the usually accepted values established 
In the moie liborious and tedious chemical methods (9-12) 

Tvble II 


CoinparibOJi of iicragc a 7 id Ra^igc Data of Flame Pholomelric and Chemical Methods 
for Na and K Delerininalxon in Human Body Fluids 



Flame 

photom 

eter, 

aver 

age* 

llame photometer 
range 

A\ erage 
previously 
reportedf 

Range 

previously 

reportedf 

Whole blood 

Na 

218 

190-257 

200 

170-225 


K 

222 

145-257 

200 

150-250 

Plasma. 

Na 

352 

323-366 

340 

315-345 


. K 

20 

14- 28 

20 

16- 22 

Red blood cells 

Na 

14 

Trace to 31 

0 



K 

437 

425-444 

420 


Urine 

Na 

220 

80-385 




K 

197 ' 

105-465 




* Average of determinations on. thirty human subjects 
fSee references (9-12) 


DISCUSSION 

The methods desciibed heie should be valuable not only because they 
give lesults as accuiate as do the usual chemical methods but also because 
they materially reduce the tune necessary to determine both Na and K 
Perhaps the gieatest advantage of flame photometry hes m the fact that it 
IS not necessary to separate Na from K in order to determine eithei of them 
by this method 

Howevei, it must be pomted out that consideiable care is required m 
makmg standards, m calibiatmg the mstiniment and recheckmg the 
calibrations durmg the runs, m preparation of the unknown solutions, 
and in operation of the instrument m order that one may rely on the 
lesults 
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Numeious other methods of preparing biological fluids for flame photo- 
metric determination of Na and K ^^ere tried unsuccessfully Wet ashing 
methods ^Ylth various combinations of sulfuric and nitiic acids, sulfuuc 
and pel chloric acids, and sulfuric acid and hydrogen peroxide uere at 
tempted Each of these methods depends upon the presence of some 
sulfuuc acid which must be neutralized (with NH4OH) before the solution 
can be run through the flame photometer None of these methods has 
been successful, since, apparently, the presence of large amounts of salt 
(m this case (NH4)2S04) causes a depiession of both the Na and K curves 
( 2 ) 

Dry ashmg methods are hkewise unsuccessful because splatteimg and 
creepmg of the solutions occur, the masses of lesidue left after ashmg 
small blood samples aie extremely mmute and consequently difficult to 
handle quantitatively, and, finally, m the case of whole blood or red cells, 
complex iron compounds are foimed which possess extremely low solu- 
bihties 

In flame photometric determmation it is not necessary to remove all 
organic material before the solution is run through the mstrument It 
ts advantageous to be rid of most of the pro tern, which may clot or pre- 
cipitate and clog the aspirator tubmg Such a degree of pro tern removal 
IS readily ob tamed with 20 per cent trichloioacetic acid and, smce the 
samples are so highly diluted, no seiious copiecipitation of 10ns ivith the 
piotem is encountered 

SUMMARY 

1 Rapid proceduies for flame photometric analysis of Na and K m 
blood, plasma, led blood cells, and urme are described 

2 The accuracy of these more lapid methods appi oxima tes that of 
the more laboiious chemical methods usually employed m Na and I 
analysis 

3 Average and lange data fiom 60 contiol determmations on human 
subjects are presented and compaied with data previously reporte 

4 Some of the piecautions to be taken m the operation and calibration 
of the flame photometei are discussed 

The authors wish to acknowledge the cooperation and assistance of 
Di T S Hill, Chief of the Division of Neurology and Psychiatry, Urn* 
versity of Tennessee College of IMedicine, throughout the course 0 
study 
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TOMATO PECTASE 


The piepaiation of tomato pectase was studied by WiUaman and Hills 
(8) They obseived that the enzyme \Nas adsorbed on the pulp solids 
at the natuial pH of the tissue but was desorbed by the addition of alkali 
Thus above pH 5 0, clear filtrates fiee of suspended sohds and rich m pectase 
weie leadily piepaied 

Tomato pectase w as studied because it is a cheap and com enient catalyst 
foi the deesterification of pcctm The present paper presents further 
data on the pieparation and properties of tomato pectase 


Matenah and Methods 


P)epa7atio7i of Pectase — ^The pectase solution used throughout this 
study was a clear yellow filtrate prepared from firm ripe tomatces by the 
modification previously described (12) of the Willaman and Hills (8) 
method Biiefly, the method consisted m grmding firm ripe tcmatces 
to a pulp, adjusting to pH 7 5 by the addition of 5 N NaOH, and filtering 
The extiact was stored under xylene at 0® 

Pi epai ait07i of Pectin — ^The purified apple pectm used as substrate in 
most of these studies w^as prepared from dried apple pomace by extraction 
with 14 paits by weight of water at 80° for 70 mmutes at pH 2 5, oxalic 
acid bemg used as the acidulant The extract was pressed out, treated 
with diastase to remove starch, filtered, and concentrated in vacuo to 
about 2 per cent pectm The pectm was purified by the following modi- 
fication of the method of Olsen et al (13) 3 per cent of concentrated 

hydiochloiic acid by volume was added to the pectm concentrate, the 
mixture w^as stmed and allowed to stand foi 10 mmutes, then precipitated 
by sturmg mto 2 volumes of 80 per cent alcohol The precipitate 
w’’ashed on a filtei until fiee of chlorides, pressed, dried overnight at 60 , 
and ground to pass a 60 mesh screen 4 9 per cent moisture, 0 39 per cent 
ash (moistuie-fiee basis), and 10 24 per cent CH3O (Zeisel), were obtained 
on the alcohol-fiee sample (12) The pectm was further characterize 
(14) as bemg 76 4 per cent methyl-esterified and contammg 80 7 per cent 


methyl galactiiiomde 

Method of Pectase Deterininahon — ^The method used to measure pectase 
activity w^as based upon the Kertesz (6) titration technique, m which t e 
carboxyl gioups libeiated by pectase hydrol^^sis are titrated w ith stan nr 
alkali The ozigmal method was modified by the use of a contmucus 
electiometiic titration at constant pH (1, 3) and by the addition of elec ro 
lyte as recommended by Lme weaver and Ballou (9, 11) The 
conditions of pH and electiolyte concentration were determined an 
m all measuiements unless otherwise specified This method is sim 
to the pioceduie used by Lmeweaver and coworkers (9, 10) 

The standaid piocedure was to measure mto a 600 ml bea er - 
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oi a 1 pci cent solution of puiified apple pectin, 12 5 ml of 2 m sodium 
chloude, 5 ml of 0 2 m sodium oxalate, and sufficient distilled water to 
gi\c a final volume (aftei the addition of the enzyme) of 500 ml The 
substi ite thus contained 0 4 pei cent pectm, 0 05 m sodium chloride, 
nul 0 002 M sodium oxalate 

The leaction mixtuie was adjusted to 30° ±01° and mam tamed at 
that tempeiatuie in a vatei bath It was stiried by a small electiical 
stiiici, and the pH was measuied by a Beckman pH metei equipped with 
extension leads The enzyme solution (usually 5 ml ) was added and the 
mixtuie, vhile bemg stuied, was quickly titiated to pH 7 5 oi slightly 
ibovc The amount of deestei ification which occuiied durmg the addition 
of pectase and the neutialization of the leaction mixtuie was usually less 
than 0 2 ml of 0 5 n NaOH, and theiefoie could be ignored 

The pH metei was set at pH 7 50 (coirected for the pH drift caused by 
stiiimg (12)), and obsei vations of time and alkah consumption weie begun 
it the mstant the galvanometei needle of the pH metei ciossed the zero 
maik on the dial This provided a veiy sensitive means foi measuimg 
the stait and the end of the leaction The pH was mamtamed constant 
within 0 1 pH unit by the diopwise addition of 0 5 n NaOH Ordinarily 
the leaction w^as allowed to proceed until 3 or 4 ml of 0 5 n NaOH had been 
consumed By measuimg the elapsed time to the closest second and 
applymg a tempeiature correction (0 4 per cent pei 0 1° deviation from 
30 0°), the precision of the method, as deteimmed by the aveiage deviation 
of a number of duplicate deteimmations, was 0 02 ml 

Foi measurements made between pH 7 5 and 5 0, the titration values 
were collected foi the mcomplete neutralization of the substi ate Below 
pH 5 0, it was necessary to use a method based upon the diffeience in 
titiation (to pH 7 5) of two mixtures, one at constant pH for a given 
time and the other titrated immediately This lequued a caiefulb'' 
standardized titration pioceduie, especially wuth respect to the time 
(onsumed m the final neutialization 

Discussion of Method — ^The choice of a method for enzyme assay and 
of units foi expiessmg activity depends upon an undeistandmg of the 
nature of the reaction mvolved Published studies on pectase disagree 
as to whether the enzyme deesterification of pectm is a first order or a 
zero Older reaction Keitesz (4) reported that tobacco pectase followed 
a first Older reaction, whereas Lmew^eaver and Ballou (9) found that the 
leactions catalyzed by alfalfa and pea vme pectases appioximated a zeio 
Older reaction over the mitial 50 per cent hydrolysis More recently 
Speiser et al (15) studied the kmetics of tomato pectase action on pectin 
but failed to prove whether the deesterification is a zero or first order 
reaction 
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The piepaiation of tomato pectase was studied by Willaman and Hills 
(8) They obseived that the enzyme Mas adsorbed on the pulp solids 
at the natuial pH of the tissue but was desorbed by the addition of alkali 
Thus above pH 5 0, cleai filtrates fiee of suspended so fids and rich m pectase 
ueie leadily piepaied 

Tomato pectase m as studied because it is a cheap and coni enient catab st 
tor the deesteiification of pectin The present paper presents further 
data on the preparation and properties of tomato pectase 


Malerzah and Methods 


P)&paiation of Pectase — ^The pectase solution used throughout this 
study M^as a cleai yellow filtrate prepared from firm ripe tomatces by the 
modification pieiaously described (12) of the Willaman and Hills (S) 
method Biiefly, the method consisted m grmding firm ripe tcmatces 
to a pulp, adjusting to pH 7 5 by the addition of 5 n NaOH, and filtering 
The extract ivas stored imder xylene at 0® 

P) eparation of Pectin — ^The purified apple pectm used as substrate in 
most of these studies was prepared from dried apple pomace by extraction 
Muth 14 parts by weight of water at 80® for 70 mmutes at pH 2 5, oxalic 
acid being used as the acidulant The extract was pressed out, treated 
with diastase to remox’^e starch, filtered, and concentrated %n vacuo to 
about 2 per cent pectin The pectm was purified by the following modi- 
fication of the method of Olsen et al (13) 3 per cent of concentrated 

^ hydrochloiic acid by volume was added to the pectin concentrate, the 
t » o was still ed and allow^ed to stand for 10 minutes, then precipitated 

y sturmg into 2 x’^olumes of 80 per cent alcohol The precipitate 
washed on a filter until free of chlorides, pressed, dried overnight at 60 , 
and ground to pass a 60 mesh screen 4 9 per cent moisture, 0 39 per cent 
ash (moistuie-fiee basis), and 10 24 per cent CH3O (Zeisel), were obtained 
on the alcohol-fiee sample (12) The pectin was further ebaracterue 
(14) as being 76 4 per cent methyl-esterified and containing SO 7 per cent 


methyl gahctuionide 

Method of Pectase Deieimination — ^The method used to measuie pecH n 
activity was based upon the Kertesz (5) titration technique, m which t e 
carbox^d gioups hbeiated by pectase hydrofysis are titrated with standar^ 
alkah The oiigmal method ■v\as modified bj’’ the use of a continuciis 
electiometric titration at constant pH (1, 3) and by the addition of elec ro 
lyte as recommended by Lmeiieaver and Ballou (9, 11) 
conditions of pH and electiolyte concentration nere determined ana u: 
m all measmements unless otherwise specified This method is s 
to the piocedure used by Lmeweavei and couorkers (9, 10) 

The standard procedure u as to measure mto a 600 ml beaker - 
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ol a 1 pel cent solution of puiified apple pectin, 12 5 ml of 2 m sodium 
chloride, 5 ml of 0 2 ai sodium oxalate, and suflBcient distilled water to 
gi\c i fmal volume (nftei the addition of the enzyme) of 500 ml The 
substi ite thus contained 0 4 pei cent pectm, 0 05 m sodium chloiide, 
ind 0 002 ai sodium oxalate 

ihe leaction mixture was adjusted to 30® ±0 1® and mamtamed at 
tint tempeiature in a water bath It was stirred by a small electiical 
stuiei, and the pH was measuied b}" a Beckman pH metei equipped with 
(xtension leads The enzjmie solution (usually 5 ml ) was added and the 
mixtuie, while bemg stuied, was quickly titiated to pH 7 5 oi shghtl}^ 
ibo\ c The amount of deestei ification w hich occuired durmg the addition 
of pectase and the neutiahzation of the leaction mixture was usuallj'' less 
thin 0 2 ml of 0 5 N NaOH, and theiefoie could be ignoied 

The pH metei w^as set at pH 7 50 (coriected for the pH diift caused by 
stilling (12)), and obseivations of time and alkali consumption weie begun 
it the mstant the galvanometei needle of the pH metei ciossed the zero 
maik on the dial This piovided a very sensitive means foi measuring 
the stait and the end of the leaction The pH w^as maintained constant 
\Mthm 0 1 pH unit by the diopwise addition of 0 5 n NaOH Ordinaiil} 
the leaction w^as allowed to proceed until 3 or 4 ml of 0 5 n NaOH had been 
consumed By measuimg the elapsed time to the closest second and 
apply mg a tempeiature coirection (0 4 per cent pei 0 1® deviation from 
30 0®), the precision of the method, as detei mined by the average deviation 
of a numbei of duphcate deteimmations, was 0 02 ml 

Foi measurements made between pH 7 5 and 5 0, the titiation values 
were collected foi the mcomplete neutiahzation of the substi ate Below’’ 
pH 5 0, it was necessary to use a method based upon the difference m 
titration (to pH 7 5) of two mnvtures, one at constant pH for a given 
time and the other titiated immediately This required a carefully 
standardized titration proceduie, especially with respect to the time 
( onsumed m the final neutrahzation 

Discussion of Method — ^The choice of a method foi enzyme assay and 
ot units foi expressmg activity depends upon an undeistandmg of the 
nature of the leaction mvolved Published studies on pectase disagiee 
as to whethei the enzyme deestei ification of pectm is a first older oi a 
zeio oidei reaction Keitesz (4) lepoited that tobacco pectase followed 
a first oidei leaction, wheieas Lmeweavei and Ballou (9) found that the 
leactions catalyzed by alfalfa and pea vme pectases appioximated a zeio 
Older leaction ovei the mitial 50 per cent hydrob’^sis jMoie lecently 
Speiser et al (15) studied the kmetics of tomato pectase action on pectm 
but failed to prove whether the deesterification is a zero or first order 
leaction 
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Fig 1 shows that the course of tomato pectase deesteiification is zero 
order foi the initial 40 oi 50 pei cent h 5 'diolysis but theieafter deiiates 
fiom a zeio ordei reaction The deesteiification does not coriespond 
to a fiist order reaction over any portion of the curve These conclusions 



Fig 1 Typical enzyme deestenfication curve 


T^biiE I 

Comparison of Zero and First Order Constants for Fectase Dcesicrificaiion of 
Pectin (Standard Substrate Plus 5 Ml of Pectase) 


Fraction 

Zero order, ^ ~ J 

First order, 

^ 2 o03 , 

per cent 



0-10 

0 150 

0 0272 

10-20 

0 152 

0 0317 

20-30 

0 150 

0 0354 

30-40 

0 150 

0 0414 

40-50 

0 140 

0 0458 

50-60 

0 129 

0 0512 

60-70 

0 099 

0 0508 

70-80 

0 053 

0 0377 

80-90 

0 021 

0 0390 

90-95 

0 006 

0 0205 


* K IS expressed as milhequivalents X min 


^^ere confiimed by calculating the zero and fiist older constants or 
pel cent increments of the deestenfication (Table I)* Trom the^e ^ 
it IS clear that the initial leaction is zeio order instead of first 
The present piocedure, based upon the deteimmation of pectase ac n 
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withm the logioii of the zeio oiclei leaction, satisfies the test foi a vahd 
method of mcasuicment (16) m that the late of activity is proportional 
to enz 3 mie conccntiatiou over i vide lange of added enzyme, as is shovm 
liter 

Pectase activity is expicssed as the zeio oidei velocity constant, vheie 
K is m units of milhequivalents of bonds hydiolyzed pei minute This 
unit IS similu to that lecommended b}'' Lmeveai^ei and Ballou (9) The 
1 itio betveen the piesent unit and that pioposed by Keitesz (5) is theo- 
lectically 1 930 Ilovevei, smce the Keitesz method does not measuie 
pectase activity at the optimum pH oi optunum electiolyte concentia- 
tion, the latio of the activities by the two methods may lange horn 
1 300 to 1 800, depending upon the ion content of the pectm used as 
substrate 



Fig 2 Desorption of pectase from tomato pulp 
Results 

Desoiption of Pectase fiom Tomato Pulp — The previousl}'' leported 
study of the desorption of pectase fiom tomato pulp by dilute alkali (8) 
has been extended to mclude the effects of acids and neutial electrolytes 
Filti ates V ere prepared from 50 ml poi tions of i aw tomato pulp adjusted 
to the desned pH hy the addition of eithei concentiated h 5 ^diochloiic 
acid or 5 N NaOH At pH 2 0 and belov , the pectase activity of the 
filtrates was obtamed by measurements made 30 and 60 minutes aftei 
the addition of acid, with extiapolation to zeio time 

Fig 2 shows that vithout added sodium chloiide theie is a legion of 
mmimum desoiption near pH 4 0 with maxima at pH 2 0 and 7 5 The 
addition of 2 per cent sodium chloride was effective o\ei the entue pH 
range investigated It was also obseived that at pH 6 0 oi above the 
presence of 2 to 5 per cent of added sodium chloiide caused a 10-fold 
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mciease m the late of filtiation of the pectase extiact through medium 
giade filtei paper 

The use of 2 pei cent sodium chloiide at pH 6 0 oi acidification to pH 2 0 
without added salt would be suitable piocedures for the laige scale piepara- 
tion of tomato pectase extiacts Extracts prepared at pH 2 0 should be 
adjusted to pH 4 0 prioi to stoiage 

Foi the puipose of the piesent study, desorption at pH 7 5 without added 
salts Avas used m oidei to obtam an extiact of low ionic concentration 
The ion concentiation of the extract Avas 0 11m, determined by conductivity 
and calculated as KCl 

Stahihiy of Tomato Pectase Extiacts — In oidei to select the optimum 
conditions for storage and to anticipate the rate of deterioration, tomato 
pectase extiacts Avere stored undei various conditions of temperature 
and pH 


Table II 


Effect of pH oil Stability of Tomato Pectase Extracts Stored at 0° and 


dH 

Rate of loss of activity 


0“ 

23* 


per qent per ino 

per cent per day 

7 5 

2 6 

* 1 42 

5 0 

1 

0 55 

4 0 

1 0 

0 42 

3 0 


0 88 

2 0 

12 7 

20 0 


50 ml aliquots of tomato pectase extiact Aveie adjusted to the desue 
pH and stoied at either 0° or at loom temperature (23°) A feiv drops o 
xylene weie added as a preseivative Pectase activity aaus determmeaa 
the stait and at mteivals dm mg storage ^ 

Table II shoAVs the late of deteiioiation of extracts stoied at vaiious p 
values The enzyme appears to be most stable at pH 4 0, the natuia p 
of tomato tissue The addition of 2 pei cent sodium chloi zde did not a ec 
the stability of the enzyme at pH 4 0 and above but had a deleterious 
effect at a loAAei pH - 

These data mdicate that tomato pectase extracts may be store 
seveial days at loom temperature oi several months at 0° 
ciable loss The pectase derived from tomatoes appears to be muc ^ 
stable than that dein^ed from citrus peel (10) or from alfalfa (9) 

Effect of Enzyme Concentration — ^The activity per ml of 
Avith the standard substrate, Avas observed to be constant over a avi o 
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ol ciiz^aiic eoliceutiatioii (Table III) It was not possible to make accurate 
me ibiucmcnts with imouuts of pcctase extiact greatei than 20 ml 

The constanc}’' of the pectasc activity pei ml of added enzyme is im- 
pel t int m the detcimin ition of pectase activity and appeals to hold for all 
concentrations commonly encounteied It also mdicates the validity of 
the method used foi pectase deteimmations 

Table III 


Effect oj Enzyme Concentration on Pectase Activity 


Tomato pectase added 

Activity 

ml 

m cq Per ml per mifi 

20 0 

0 0285 

10 0 

0 0286 

5 0 

0 0287 

2 0 

0 0286 

0 5 

0 0284 



Fio 3 Pectase activity as a function of substrate concentration 

Effect of Substrate Conceniiation — ^The dependence of pectase activity on 
pectm concentiation was determmed by measurmg the rate of deesterifica- 
tion of substrates contammg amounts of pectm langmg from 0 01 to 3 2 
per cent In all cases, readmgs were taken before 40 per cent of the 
available methyl gioups had been hydrolyzed 

The data (Fig 3) mdicate that pectase activity mci eases with pectm 
concentration, practically attammg a plateau above 1 6 per cent pectm 
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At 0 4 per cent pectin, the concentration used for pectase assay, the activity 
as 85 pei cent of that at 3 2 per cent pectin 

It was of interest, both from a practical and a theoretical standpoint, to 
determine the concentration of pectm which will give the maximum rate of 
deesterification per unit of enzyme This was done by applying the 
Lineweav er and Burk (17) form of the Michaehs-Menten (18) equation 

(5) (S) , K. 

V V V 

where (S) is the substrate concentration, v the observed velocity at a gi^en 
substrate concentration, V the maximum velocity, and A, the ilichaek 
^Menten constant By plotting (S)/v against (5), it was possible to de 
termme T' and ZC from the slope 1/V and the mtercept K^/V 
The maximum velocity was calculated to be 0 0334 (miUiequivalent 
per ml per minute), corresponding to about 3 2 per cent pectm concentra 
tion The v alue for the !Michaelis-IMenten constant, 0 041 per cent, inav 
be compared with the values 0 04 per cent for alfalfa pectase (9) and 008 
per cent for citrus peel pectase (10) 

It should be pomted out that the IMichaelis-^Menten^ equation apphfc 
only to the mitial 40 pei cent of the pectase aeesterification cun e Beyond 
this pomt m the deesterification reaction there was a marked cunatureni 
the plot of (iS)/i; lersus (S) This is not entirely unexpected because,*-' 
the deesterification reaction proceeds, the substrate changes both quanti 
tatively (with respect to methyl ester content; and quahtatueh (^^ 
respect to magnitude of the negative charge) The Lineweaver-BaUi 
hyiiothesis (9) concerning the formation of an inactive ionic complexly* 
tween pectmic acid and pectase offers a possible explanation oi th- 
behavior . 

Effect of Electrolyte Concentration — The recent studies by Lmeweaverix 
Ballou (9) and by^ INIacDonnell et al (10) mdicate the dependence oi pect^ 
action on eIectrolyu:e (cation) concentration The concentration 
for maximum pectase actmty: is a iimction of the pH and of the vakney ‘- 
the cation 

The fact that alfalia and citrus peel pectases show differences m 
toward cation concentrations mchcates that this effect is also a lunci^^n 
the sotirce of the enzyme 

In the present study the efiect oi sodium chloride conc'entrato^^^ 
tomato pectase activity was determmed at pH 7 5, 6 0, 5 0, and -xD 
results (Fig 4'^ show that both the optimum salt concentration ^ 
maximum activiry are affected by pH The optimum salt con^Q-*- 
at pH 7 5 6 0,50, and 4 0 were 0 05, 0 GS, 0 15, and 0^30 ^ ^ 

specuvely These values are nearly identical with those 

pectase (9) but are appreciably smaller than those for citrus peel ^ 
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It w is impo-^iblc to obt im cn/ymc-siibistiate mixtures entiiely fiee of 
Litions bcc lUfcC ‘'inxll imounts wcic contiibutcd b} the alkali used foi the 
ongiiul iieutr ihzitioii (15 millicquiv dents), by the ash of the pectm 
Mib^strite (0 5 millicqun dent), uul by the pectasc solution (0 5 milh- 
e(iui\ dent) When didyzcd pect ise is used without added electiolyte, 
the icti\ dies it pll 7 3 and 0 0 wcic 0 0051 lud 0 0002G milhequivalent pei 
ml pci minute, 01 IS uul 1 pei cent of the respective maxima at optimum 
''dt conceatr dions 

Tomito pcctase utnitics it pll 7 5 in the pieseiice of 0 05 m sodium 
icetate, ^odium chloiidc, oi potissium chloiide weie m the latio of 
100 97 97, indicating that the inion maj^ have a slight effect and that 
sodium md potassium aie equivalent 



Fia 4 Effect of NaCl on pectase activity at various pH levels 

Effect of pH on Pectase Activity — The optimum pH foi tomato pectase 
was determined in the piesence of 0 05 ai sodium chloride Measuiements. 
between pH 7 5 and 5 0 w^eie made by dnect titiation at constant pH, the 
results bemg collected foi mcomplete neutiahzation of the substiate At a 
lower pH, the lesults weie ob tamed by titiatmg (to pH 7 5) two mixtuies 
that had been allowed to leact foi diffeient times, as desciibed pieviously 
Above pH 7 0, it w^as necessary to coiiect foi the amount of deesteiification 
caused by alkali In Fig 5, Cuive A-B lepresents the obseived rate of 
deesterification produced by enzyme and alkah togethei Curve C shows 
the rate for alkah alone, and Curve A- A' for the enzyme alone 

Tomato pectase m the piesence of 0 05 m sodium chloride shows a maxi- 
mum activity at pH 7 5 with a fauly bioad optimum legion extendmg fiom 
about pH 6 0 to 9 0 The data piesented previously (Fig 4) show that the 
optimum salt concentration mcreases at a lowei pH Thus 0 05 ar NaCl, 
which IS optimum for pH 7 5, is subop tunum for pH 6 0 or 5 0 Fiom a 




Kmo* 


660 


TOMATO PECTASE 


practical point of view it is desirable to show the maximum activity and 
required salt concentration in the range of pH below 7 5 These results, 
plotted m Curve D, Fig 5, show that at a lowei pH a material increase in 
pectase activity may be realized by mcreasmg the salt concentration 
Temperature Coefficie7it — ^The mfluence of temperature on the rate of 
pectase action was studied under conditions neaily identical vith those 
recommended foi the large scale preparation of low ester pectins (19) 
Rate measurements were made at pH 6 5 and at temperatures ranging from 
10-65° (Fig 6) Eeadmgs were taken over a period of 30 minutes, although 



Fig 5 Activity -pH curve for tomato pectase Curve A-B, observed deesterificfi 
tion, Curve C, deestenfication by alkali, A-A', corrected curve for pectase alone, 
Curve D, activity, pH 4 0 to 7 5, with optimum NaCl concentration for each pH ^ 
Fig 6 Effect of temperature on rate of pectase action at pH 6 5 Substrate, 
per cent pectin, 0 05 n NaCl, 0 002 n Na oxalate 2 0 ml of tomato pectase extrac 
used 

m some instances the reaction was allowed to continue for 1 hour hi aU 
cases, the readmgs were confined to the mitial 40 per cent portion ^ 
deestenfication reaction Thus any deviation from linearity m these aa 
IS an mdication of enzyme denaturation 

The ^‘optimum temperature’^ for pectase action decreased ivith tune, 
because at mcreased temperatures denaturation of the en 2 yme became 
important factor For a 2 minute leaction time the optimum tempera ur^ 
was 65°, for a 30 mmute reaction it i\as 55° and for 1 hour (da a n 
shown) it was 50° 




C H lUILS AND II n MOTTLUM 


661 


The hncirity of the cuivcs foi 10®, 20®, 30®, and 40° indicates that de- 
n itur ition of the cn/\ me was negligible undei these conditions 
Ihe ineie ite in i \lc of in enzyme icaction ivith increase m temperature 
maN be con\enientl> expiessed as the (?io value, the ratio of Kt^io /K^ 
Ihc f?io \ dues for tom ito pect ise shown in Table IV are much lower than 
the range of 2 to 3 picdictcd by the vanT Hoff rule foi catalyzed leactions 
in aqucout» solution, and lower than is generally observed for other 
cnz\mcs (20) 


Tkbvl IV 

Temperature Coefficient of Tomato Pcclase Dccslcrificahon of Pectin 
0 S per cent pectin substrate, 0 05 m NaCl, 0 002 m Na oxalate, pH 6 5 


Tcmpcratuic interval 

Temperature coeiEcient, Qi% 

C 


10-20 

1 60 

20-30 

1 52 

30-10 

1 44 

40-50 

1 1 32 



Fig 7 Inactivation of pectase by heat 

A value of 7280 calories foi the activation eneigy was determmed from 
the slope of 1/T versus log K (zero oidei) Initial leaction velocities were 
used m the calculations and the data weie confined to the temperature 
lange of 10-40° at which heat mactivation of the enzyme is not appaient 
This Ls higliei than the value 5790 calories pieviously reported by Speiser 
et al (15), who used slightly different experimental conditions and based 
their results on the analysis of the isolated reaction product A value of 
6000 calories has been reported for citrus pectase (2) 

Heat Inaciivaiton — ^Fig 7 shows the loss m activity caused by heatmg a 
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tomato pectase solution foi 30 mmutes at pH 6 5 The temperature (62®) 
lequiied foi 50 pei cent mactivation is about 12° highei than that lequired 
foi citrus peel pectase (10) This agrees with the general observation that 
tomato pectase is moie stable m aqueous solution than is alfalfa or citnis 
peel pectase 


DISCUSSION 

The diffeiences m piopeities between tomato pectase and othei plant 
pectases, while chiefly quantitative, are distinct enough to indicate the 
non -identity of pectases fiom diffeient soiuces The optimum pH and salt 
concentration foi tomato pectase are pH 7 5 and 0 05 iM NaCl These 
values may be compaied with pH 7 5 and 0 15 m NaCl foi oiange peel 
pectase (10) and pH 6 5 (salt concentiation not determined) foi tobacco 
pectase (4) Alfalfa pectase (10) is unique m that it shows maMmnm ac- 
tivity ovei the entue lange from pH 5 6 (0 15 m NaCl) to pH 8 0 (0 02 m 
N aCl) Tomato pectase extracts are much moie stable at 0° oi room 
temper atiue than aie extracts derived fiom alfalfa or citrus peel Tomato 
and citrus pectases shou diffeiences m the effects of pH and salts on sta 
bility The temperatuie lequued for heat inactivation of tomato pectase 
IS about 12° highei than foi citrus peel pectase 

On a hesh u eight basis, the pectase activity of iipe tomatoes is about the 
same as that of fiesh citius peel and about 5 tunes that of fiesh alfalfa (10) 
Cmde pectase extiacts piepaied from tomatoes are about as active as the 
A\hole tissue The efficient exti action of the enzyme fiom citms peel or 
allalfa lequiies the addition of seveial volumes of solvent, and the resulting 
extiacts would be much less active than tomato extiacts Crude tomato 
pectase extiacts may be prepaied ivithout added solvent and are sufficient!} 
stable to permit then stoiage Avithout fiiither puiification 

The piesent study mdicates vaiious means foi impioving the efficiency 
of pectase action Tlie activity per unit volume of pectase may be in- 
cieased by deesterifying at a pH neai 7 5 and addmg the optimum quantit} 
of elect! olyte The fact that pectase activity mcreases ivith increase 

substiate concentration may be applied to commeicial piactice by con 
centiatmg the pectm extiact before deesteiification The use of mcrease 
tempeiatuies is an obvious method of mcreasing the efficiency of pectase 
action For most puiposes, howevei, this method encounters the imii 
tions imposed by the susceptibihty of the pectm substrate to heat , 
tion (19) A fullei discussion of the utihzation of tomato pectase for ^ 
laige scale preparation of low ester pectins is presented in a sepa 
pubhcation (19) 


sumiARi 

1 The deesteiification of pectm by tomato pectase folloiAS a 
(for the mitial 40 per cent) rather than a first order reaction 
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w IS utili7ul m deteiinining leiction rates iiid in choosmg units for e\- 

piessing ictiMl} 

2 Tom ito pect u^e \\ is piep ucd fiom tomato pulp by allvaline desoip- 
tion 'Iho do^'orphon nm lie ucomplishcd ilso by ncid oi neutial elec- 
(lolyles 

3 Ihe lel itiim of enzyme actnity to substiutc conceiitiation confoims 
to the ^Iiehaolis-Menten theoi} The Kt value of 0 046 pei cent is com- 
pirible to Ihit found foi xlfilfa pectase but dilTeis from that foi citrus 
pec Lise 

1 Tom ito pect i^e h is i broad optimum pH legioii, with a maximum 
it 7 5 

3 The addition of t ilts is necessaiy foi maxunum activity The opti- 
mum salt concentration at pH 7 5 is 0 05 :\r NaCl but is gieatei at lo^\ei 
pll \ allies 

G The enz} me was most stable in aqueous solution at pH 4 0 At this 
pH ind 0° it deteriorated about 1 pei cent pei month A tempeiature of 
70° was lequircd for complete inactivation m 30 mmutes at pH 6 5 
7 The tempera tine coefficient (Qio) was 1 52 foi the region of 20-30° 
The Arrheniub eneigy of activation m the region from 10-40° w^as 7280 
( ilones Abo\e 10° uiactivation of the enzyme became appaient 
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The recent brief summary (1) of the results obtained by the large group 
of British and Vmerican chemists made known to the general scientific 
public for the first time that a numbei of antibiotics of the penicillin class 
had been isolated At least foui are known to be commonly produced by 
\ xnous struns of Penicilhiim These m the past have been called pern- 
cillins G, F, X, and K by the American workers All have the same struc- 
ture with the exception of a side chain, which difference is indicated m the 
new*^ nomenclature for penicillins ^ The above pemcilhns are designated 
respectn el}'' benzylpemcilhn, A^-pentenylpemcilhn, p-hydroxybenzylpeni- 
cillin, and n heptylpemcilhn 

That the individual penicillins exhibit diffeient antibiotic potencies and 
pharmacological properties has now been amply showm by the thorough 
studies of Eagle and Musselman (3), of Gogh ill, Osterberg, and Hazel (4), 
and others (5) The necessity of using pure preparations of mdividual 
compounds for any fundamental climcal or pharmacological study poses a 
problem of fundamental natuie for the chemist, that is not only to obtain 
the pure single antibiotic in sufficient quantity but also to supply convmc- 
ing evidence that only a smgle species, or at least a smgle species m high 
percentage, is present in the sample to be studied 

For the particular case of the pemciUins this is an especially difficult 
problem m view of the followmg propeities The pemcilhns are unstable 
acids which are difficult to study as such and to characterize by the usual 
determmations of melting point, lotation, refractive index, etc Ultimate 
analysis is not alone sufficient to demonstrate homogeneit} or the presence 
of a smgle species only Crystalline denvatives which retain then bio- 
logical activity appear to be restricted to salts of the acids ^vlth either 
inorgamc or organic bases These salts do not possess meltmg pomts smt- 
able for piecise charactenzation 

^ The nomenclature used for the pemcilhns in this article conforms with that 
proposed by the Editorial Committee of the forthcoming monograph on the chemlstr^ 
of penicillin (see (2)) 
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Fiom tins airay of unfavorable properties it is indeed appaient that the 
conventional methods of orgamc chemistiy are scaicely adequate Some 
new appioach vould thus be highly desiiable 
The use of partition coefficients for such pioblems is an old piocedure, 
though in the past methods for employmg these peifectly reliable physical 
constants have been so lacking in piecision and com enience that they have 
not found the wide usage in organic chemistry which they pioperly deserve 
With lespect to the penicillin field this approach has already been suggested 
by the published woik of Bush, Goth, and Dickison (6) and in the un- 
published woik of groups m the United States and England on the use of 
the paitition chiomatogram of the Martm and Synge (7) t>pe 

The pioceduie of counter-current distnbution (8, 9) represents an at- 
tempt to make the partition coefficient a more usable physical constant in 
organic chemistiy It is based on a certain systematization of multiple 
extinctions oi tiansfers so that the mathematics of the bmomial expansion 
may be directly applied in the mteipretation of the lesults It has been 
apphed uith success to homogeneity studies m the field of the synthetic 
antimalaiials (9) and m the isolation of active piinciples from Aspergillus 
tistus (10), as ^\ell as in a considerable amount of unpublished work It 
was also used in the isolation of synthetic benzylpemcillin by du Vigneaud, 
Carpentei, Holley, Livermoie, and Rachele (2) A logical further step 
from the standpomt both of the development of the method and of peni- 
ciUin chemistiy is to attempt the apphcation of the method to this inter- 
esting and important class of natural products The present paper inll 
record a numbei of our preliminary expeiiments wth the penicilhns 
Though it is entirely feasible by the procedures to be discussed to isolate 
puie ciystalhne individuals directlj' from the cultuie medium or from com 
mercial samples of pemcillin now on the maiket, this effoit has been made 
largely unnecessaiy by the kmd cooperation of a numbei of industnal pro 
duceis^ who have supplied us wuth ciystalhne piepaiations of the sodium 
salts of the foui above-mentioned types of pemcillms This has gieatl} 
facilitated oui study and our thanks are lieiewuth given for their geneiosity 
As discussed in previous pubhcations (9, 10), the most piomisuig system, 
e g the combination of immiscible solvents, foi the study of acids and bases 
IS usuall}^ one in which a buffeied aqueous solution is one of the two phases 
Ethyl ethei and 2 m phosphate buffer occuired to us at once as a promising 
combination Thus far this combination has pioved the best from tie 

2 We have been supplied with crystalline penicillins by Dr Winterstei^r of 
Squibb Institute for Medical Research, by Dr Barnes of the American yan^ 
Company, by Dr Brown of Chas Pfizer and Company, by I^^^ 

Lilly and Company, by Dr Coghill of the Abbott Laboratories, by Dr i 
the Commercial Solvents Corporation, and by' Dr Cartland of The Upjohn o 



CllMCi, HOC.l HOOM, CVUinMLU, VM) DU VIGNUAUD 


G67 


inalilK il bt uulpoint for the exiniination of bcnzylpcnicillm and of A-- 
pcntcinlpcniLillin Foi the cxiinmation of pdijchoxybenzylpemcillin, 
ether-.} M phosph ite h ib been the best, and foi the e\ imination of 7i-heptyl- 
penicilhn, cthci-1 ai phobplutc his been the system of choice Othei sol- 
\ents such is ehlorofoiin md ethyl icctitc hive been used with partial 
success Ihough ctlnl icetate his idmiiable solvent pioperties, it has 
thus fai \Mlh cich of the foui difteient penicillins ah\ays led to a certain 
percent ige of in ictiv ition 

In a pre\ loiis publication (9) the desii ability of woiking with a partition 
coefficient of about 1 foi the dun ictcii/ation of a particulai substance has 
been shown Ihe furthei desii ibihl} of choosing a buffer system and an 
organic soKcnt which would give the gieitcst shift of partition coefficient 
with the shift of pll aKo w is showm A piehminarj^ study of these factors 
with i cr^ stalline picp ii ition of the sodium salt of benzylpeniciUm showed 
that with ethyl ethei ind 2 m phosphate the partition coefficients Avere 
those shown in Fig 1 The pll given is that lecoided diiectly by use of 
the glass electrode at 25® and is lelatu’^e oiiIa^ rathei than absolute, because 
of the high salt concentiation The paitition coefficients w^ere determined 
at 5® in a constant tempeiature loom The A^alues gwen do not lepresent 
the highest precision but aie sufficient foi the puipose at hand, at least 
until the homogeneity of the piepaiation has been demonstrated The 
concentiation in each layei ^^as detei mined spectrophotometncally by use 
of the Beckman quartz spectiophotometcr 

Plotted in Fig 1 aic the values found m isopropyl ethei -buffer foi plas- 
mochin, one of the synthetic antimalarial bases pieviously studied It can 
be seen that the slope of the line is much gieatei foi plasmochin, and there- 
fore the specificity of the constant is gieater Ethyl acetate oi chloroform 
Avith benzylpemcilhn, Fig 1, did not oftei impiovement The piediction 
might be made fiom these data that difficulty wmuld be expenenced m 
attempting to spread the paititiOn coefficients of two pemcilhns whose 
partition coefficients chanced to he close together, by changmg the solvents 
or conditions In oidei to compensate foi such an unfavoiable property 
it IS obvious that highei numbeis of ti ansfers w ould be leqmied foi a desired 
separation Theiefoie, thus fai those systems have been most studied 
Avhich are the best suited foi the gieatest piecision m the techmeal execu- 
tion of the method Ethyl ethei is admirable fiom tins standpomt 

In general use of the method of counter-cun ent distnbution it is desir- 
able to be able to adjust the A’^alue of the partition coefficient at avuII It 
IS apparent from Fig 1 that the buffered system wall permit this in the case 
of the penicillins At the same time conditions of lelative stabihty for the 
pemcilhns may be obtained if the Avhole operation is performed m a con- 
stant tempeiature cold room at about 3-5® 
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Fig 1 Shift of partition coefficient with pH, O = benzylpemcillin in ether 2 m 
PO 4 buffer, □ = benzylpemcillin in ethyl acetate -2 u PO 4 buffer, A = benzylpenicil 
lin in 2 M PO 4 buffer-chloroform (1/logarithm of K is plotted), X = plasmochm in 
isopropyl ether -2 m PO4 buffer (1/logarithm of K is plotted) 



Fig 2 Distribution pattern of crystalline benzylpemcillin, O - 
at260in/x, □ = optical density at 320 m/i, 0 = w eight m mg , X ~ calculate c 

Fig 2 shows one of the eaihex runs with a crystalline preparation^^ 
benzylpemcillin It shows the maximum biological activity wien c 
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pircd with the intciintioinl stindaid nnd ngices m all other recorded 
properlicb 

Ihe dibtnbulion \\ cuiicd out as follows 2 m buffer w^as piepared 
which coni lined 2 IS gm of NaIl 2 P 04 II 2 O (Merck) and 34 8 gm of 
KJIFO4 (Merck) in i liter of solution This buffei thus fai has not caused 
trouble b\ er} bt ilhz Uion in the cold looin at 4° It has show^n lepeatedly 
a pll of 1 S when diicctl}’’ me isuicd against the glass electiode at 25° 

250 CL of buffer ind 250 cc of commercial absolute ethyl ether, previ- 
ousl} redistilled, were shaken at 1° in a sepaiatory funnel The lower 
portion of e ich of tlie tubes of the apparatus w as then filled wath the buffer 
U^er, S cc with the present michinc (9), and then an equal volume of the 
cthci 1 lycr w is idded to each tube 

100 mg of the penicillin were placed in a giound glass-stoppered tube of 
the same inside diameter and length as the tube of the machine 8 cc of 
the buffer la} er were then added, and after solution 8 cc of the ether layer 
were added Equilibration w^as then accomplished as in the machme by 
inverting the glass tube and turning it back again to the origmal position 
50 times The degice of emulsification and the time foi complete separa- 
tion of the layers were noted In the present case approximately 1 minute 
and 30 seconds were required for separation of the layers 
The contents of Tube 0 of the machine w^eic then withdrawn and replaced 
by the contents of the glass tube The layers w ere allow ed to separate and 
then the upper part of the machine was rotated one stage so that the upper 
layer of Tube 0 w^as over the lower layer of Tube 1 The machme was 
equihbrated by inversion 50 times, the speed of inversion being controlled 
by observing the glass dummy attached to the outside, which was also 
filled wuth the same two layers The layers were allowed to separate dur- 
ing a time lapse of 3 minutes before advancing to the next stage When the 
upper layer of Tube 0 had advanced until it w^as over the lower layer of 
Tube 24, the contents of each tube w ere withdrawn into small separatory 
funnels numbered 0 to 24 

The optical density of each of the upper layers was then deteirmned in 
the Beckman quartz spectrograph at 260 and at 320 mfx This was done 
without dilution, and starting with Tube 0 Aftei measurement, the con- 
tents of the cuvette were placed again in the separately funnel by means 
of a pipette and the cu\ette filled with the next layer, ivithout iinsmg 
Aftei the first series of measurements 1 cc of 8 m phosphoiic acid was 
added to each of the separator}'' funnels and the funnel quickly shaken in 
order to tiansfei all the penicillin into the ether layer Prelimmary experi- 
ments had showm that this resulted m practically quantitative transference 
of the penicillin in the buffer layei to the ether layer The optical density 
of each of the upper layers ^vas again determined From these two meas- 
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urements in each tube the paitition coefficients can be calculated In Fig 
2 the optical density of each tube is plotted against the consecutive number 
of the tube 

The upper layer of each of the sepaiatoiy funnels was then placed m a 
test-tube closed by a cork stopper covered with papei and stored overnight 
in a laige theimos jar containing dry ice Undei these conditions nearly 
all the water is frozen out of the ether and with it any small amount of 
chnging buffer No attempt was made to exclude CO 2 from the tubes, and 
its presence has thus far not appeared to interfeie 

When the crystals of ice were found to be attached to the sides of the 
tube, it ^\as quickly withdrawn from the jar and decanted mto another 
fresh tube If this did not give a clear cut separation, the ice vas lemoved 
by use of an mveited filtei In the latt^i case the filter plug ivas a wad of 
cotton Smee the ice crystals were not loutmely ashed wth fresh ether, 
there i\as a resultant loss of about 0 2 cc of ether solution in each tube 
This did not affect the quantitative mteipietation, since the same volume 
'was lost in each tube Fuithermoie, there did not appear to be sufficient 
loss of the pemcillm, other than that in the lesidual 0 2 cc of ethei, to cause 
an error in the quantitative deter nunation If the analysis veie made 
\\ith significantly laigei amounts of pemciUm, however, it is possible that 
appreciable losses would occui as a result of separation of the penicillm on 
the ice crystals 

The deal ethei solution of eveiy other tube (Tubes 0, 2, 4, etc ), stalling 
vnth. Tube 0, was then evaporated to dryness in a weighed Eilenmeyer 
flask, and the residue was dried at 100 m temper atm e ovei calcium chloride 
at 0 2 mm pressure The weights of the pemcilhn in the tubes are shown 
in Fig 2 

Although the residues m the tubes of the mam band showed practicalb 
the theoretical biological activity against Bacillus suhtilis when compare 
to the ciystalhne staitmg material, they were not completely soluble m 
ethei, and it is likely that there w^as a small percentage of inactivation ui 
mg the evaporation How’^evei, when the small amount of insoluble amor 
phous material w as removed by filtration, the cry stalhne tnethylammomuni 
salt of benzydpemcilhn^ could be prepared in neail}’’ quantitative yield roni 
the ether filtrate . 

The tiiethylammonium salt could be moie leadily piepaied direc > 
from the diy ether layers of each tube Addition of an excess of tne ^y^^ 
amine either directly or m ether solution was followed by tuibi 1 y 
almost immediately by quantitative crystallization in veiy fh^® 

5 The use of triethylanune to prepare a crystalline salt of natural 
was first described by the investigators of the Heyden Chemical Corpora t 
22, 1944 (see (2)) 
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Ihe ilbweu' tulUclcd m i Leiitufugc TiUci (11) ind immediately dried 
nndf»i I \ icimm at loom tcmpei ituie TJie melting point of the crystals 
w 1 ^ not up, dopciuled considci ibl> on the latc of heatinsr, \nd was found 
to he ippioMin ileh 135-1 15° with pievious smteimg when deteimmed on 
tho inicio liot st igc melting point ippu itus The cr 3 ^stals showed full 
inlibiotit alivit\ ig unst Jhiullu^ sublilib Mateiial fiom Tubes 5 and 15 
fclumcd i blight 1} low Cl melting point, as well as activity, than those from 
'J nbc 10, but the dilTeicnce did not ippeai to be hige enough to be of much 
sicmhc nice 

The cur\ c of ab&orption at 320 mg show ed the piesence of a small amount 
of mother compound superimposed ovei the pattern of a penicillm How- 
iver, from a pciccntage standpoint the significant cuive is always the 
weight cui\e, uid tlus showed little weight to be piesent at ceitam tubes 
hiMiig the iughest ibsorption at 320 mg The mateual lesponsible for 
this ibsorption probabl}^ did not lepiesent moic than a pei cent or 2 of the 
total weight in the prepiration 

From the st indpomt of the investigation of homogeneity the sigmficant 
feiture of i detcimincd cuive is the closeness of its fit with a theoietical 
distiibution (12) as well is the detennination of paitition coefficient of the 
m iterial m each tube When an attempt w^as made to fit a theoietical 
cur\c to the c\peiimental absoiption curve at 260 mg the disci epancy show ri 
m Fig 2 was obtained Fiuther, the paitition coefficients appeared to be- 
come consistently laiger from left to nght of the band Had the attempt 
to fit a theoietical curve to the w eight cuiwe been made, a somewhat closer 
fit would have resulted This will be shown in the next experiment It 
would appeal probable fiom Fig 2 that the most accuiate htting of theo- 
ietical distributions as well as deteimmation of partition coefficients cannot 
be done by means of absoiption measuiements m the demonstrated presence 
of a small peicentage of a component absoibing more stiongly at 320 mg 
However, the expeiiment as perfoimed would appeal sufficient oidy to 
demonstrate seveial pei cent of inhomogeneity 

If the convenient use of ultiaxiolet absorption spectium measurement 
cannot be regarded as i ehable even for those penicillins w hich ha^ e a chaiae- 
teristic type of absorption, then the analysis must depend almost entuely 
on weight In any case, weight lepiesents the most fundamental and le- 
hable method of detennmmg the amount of matenal in a given solution 
Experiments weie, therefore, earned out to determine the precision with 
which pemcilhns could be determmed hy evapoiation in ethei solution and 
determmation of the weight of the residue For this puipose a senes of 
Florence flasks were blown from soft glass vials These flasks held a 
volume of appioximately 12 cc and weighed approximately 3 gm each 
The flasks were routinely weighed on a semimicio balance They could be 
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rapidly weighed to ±0 02 mg when counterbalanced with an empty flask 
of the same series to coirect foi any change m humidity 

Expel iment showed that redistilled ether shaken at 5® with either 2 m 
buffer at pH of 4 80 oi buffer acidified with 1 cc of 8 m phosphonc acid 
showed no weighable i esidue when a 2 cc volume was evaporated ^ Experi- 
ence also showed that in these flasks of very thm cleai walls a residue 
greater than 0 02 mg could be seen with the naked eye when the flasks 
weie held agamst the light 

With the use of this techmque a distnbution was made on a different 
sample of several times recrystalbzed benzylpemcilhn The result is shown 




Fig 4 


Fig 3 Distribution pattern of four times recrystallized benzylpeuicillin, O = 
experimental weight curve, O = calculated curve 

Fig 4 Distribution pattern of A*-pentenylpenicillin, O = experimental weight 
curve, X = calculated curve 


in Fig 3 In this expeiiment the buffei of Tube 0 was adjusted to account 
for the sodium of the pemcilhn (1 6 cc of 2 m NaH 2 P 04 and 6 4 cc of the 
equihbiated buffei of pH 4 80) After the customary twenty-four trans- 
fers a final eqmhbiation was made, and the material w^as wnthdraiin from 
the machine The upper layeis weie sepaiated from the lower and re 
placed by 8 cc of fresh ether in each separatory funnel 1 cc of 
phosphoric acid was added and, after having been shaken, the ether layers 
w^eie separated and labeled as the lower layers A 2 00 cc aliquot roni 

* liis thus evident that for analytical purposes only the step of freezing m dry 
IS not^necessary 
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c \ch of the ers of the tubes investigated was withdrawn and all evapo- 
latcd itonceumiei i educed pi cssuie From the u eights obtained paitition 
cochicientb is veil as total u eights could be calculated The results are 
shown III Fig 3 

Tubes 0 to 3 contained an impurity which leprcsented about 2 per cent 
of the stilting niaternl This impuiity shoivcd a loiv antibiotic activity 
of ibout 2o0 units pei mg and piobably contained a p-hydioxybenzyl type 
of penicillin ^^^len an attempt was made to fit a theoietical curve on the 
niun band, ver}'' good agiccmcnt was obtained until about Tube 13 was 
icachcd, but from this point on a small divergence was apparent That 
this di\ ci gence w as real w as show n by the fact that the partition coefficients 
from lubes G to 13 all agreed, but increased wath Tubes 14 and 15 

A simple of the ciystalhne sodium salt of A“-penten}lpemcilhn was dis- 
tributed m exactly the same system as w^as benzylpenicilhn Twenty-four 
transfers were applied (Fig 4) The mateual occurring in Tubes 0 to 4 
inclusive comprised about 6 per cent by weight of the total and showed no 
antibiotic activity With the mam band a small divergence from a theo- 
retical distribution was apparent This divergence occuired on the left 
side of the diagram, contraiy to the experience with all the crystalline 
prepaiations of benzylpenicilhn thus far examined Comparison of the two 
distnbutions raises the suggestion that perhaps the crystalline ben 2 ylpem- 
cillin preparations were contaminated with a few per cent of the A^-pen- 
tenylpemcilhn species, wheieas the preparation of A^-pentenylpemciUm con- 
tained a few pel cent of the benzylpemcillin type This could be perfectly 
possible without the fact being revealed by carbon and hydrogen analysis 

AVhon the tubes from the peak of the band were treated with excess tn- 
ethylamme and evapoiated to diyness, a residue was obtained which, when 
moistened with acetone, and ether cautiously added, crystalhzed readily 
The crystals weie very well foimed, stout, ghstenmg columns which, how^- 
ever, did not show a sharp meltmg point The substance melted in the 
range of 90-110° The analytical data did not agiee well with the calcu- 
lated values, and perhaps a hydrate is indicated 

Calculation of the partition coefficient from the position of the maximum 
(8) giv es the figure of 1 18 for A--pentenylpemcillm at 5° and in the system 
used This is slightly highei than the paitition coefficient 1 10 deternuned 
on the starting material The discrepancy could easily be due to the 6 pei 
cent of inactive material present m the original sample The calculated 
value foi benzylpenicilhn (fiom the position of the maximum, Fig 3) is 
0 75 The ratio of the two partition coefficients, 1 57, gives a leady mdex 
of the difficulty of separating the two penicillins in the ethei -phosphate 
system Had the slope of the cuive foi benzylpemcillm m Fig 1 been of 
the same order as that for plasmochm, then the separation of bands for 
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such closely i elated pemcilhns as benzylpenicillin and A--pentenylpenicillm 
probably could be achieved with fewei transfers Although it would be 
highly desirable to find a system which would give a higher ratio, a number 
of e\periments along this hne have thus far been unsuccessful Several 
other systems have instead bi ought the constants closer together, in the 
case of ethyl acetate foi the oiganic solvent a slightly highei coefficient for 
benzylpenicilhn than foi A“-pentenylpemciUin was even obtained Further 
experiments will be made along this hne when moie A“-pentenylpemcilhn 
becomes available 
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Fig 5 I’ig 6 

Fig 5 Distribution pattern of p-liydroxybenzylpenicillin, O = expenmenta 
weight curve, X = optical density at 280 mji, # = calculated curve 

Fig 6 Distribution pattern of n-heptylpenicillin, O = experimental 
curve, # = calculated curve 

A sample of the crystalline sodium salt of p-hydroxybenzylpeiucilhn 
studied Piehmmary investigation of the partition coefficient of this pom 
cilhn in the system used for the runs thus fai shown revealed a value 
neighborhood of 0 1 Since this figuie is not the optimum 
obtaming the maximum information concermng homogeneity m the 
est number of transfers, a moie concentiated buffer was used to raise 
value of the constant 

3 Ai buffer was piepaied ivhich contamed 372 gm of NaH2F 4 2 

52 2 gm of K0HPO4 m a hter of solution This buffer has not thus tar g 

trouble by ciystalhzation dunng a lun at 5° 
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A loutine Iwenty-foui ti insfei distiibutiou ^Mth 100 mg of material gave 
the curve shown m Fig 5 In this clistiibution the w^eight of mateiial in 
each tube was dcteuninecl bj evaporating a 2 cc aliquot, and the cui’ve 
wab also determined by measuiing the extinction at 2S0 m/x Aside fiom a 
few per cent of cxti incous miteiial occuinng m Tubes 16 to 21, a slight 
dncrgence fiom the thcoietical distiibution occuired at Tube 6 The en- 
tire extinction cui\e, howe\ci, w is somewhat displaced tow aid the left 
Such a distoition could be caused by a small amount of impurity occuinng 
in a band wath m iximuin at 6 ind having a higher extinction coefficient 
than ji-h} droxybcnz^ Ipcnicilhn at 2S0 rajx 

Ihe rcmaindci of tlie mateiiil in the ethei of Tubes 8 to 12 inclusive 
was treated with tiiethylamine An amorphous piecipitate was formed 
immediate^’' The sohent was quickl}’' evapoiated in lacuo from the pre- 
cipitate, and the re^'idue was t iken up m a small volume of acetone Cau- 
tious addition of i little ethei and scr itching induced crystallization After 
the mixture h ul cooled overnight, the thin leaves were collected by means 
of a centrifuge hltei Ihis yielded 41 7 mg of mateiial with the meltmg 
point of 126-136^^ 

C-.HajO NaS CiilLViltitcd, C 58 51, H 7 38, found, C 58 21, H 7 21 

A sample of the cv} stallmc sodium salt of n-heptylpemcillm (pemcillm K) 
was studied Neither of the buffeis used foi the othei pemcillms was 
suited foi the most piecisc chaiactenzation or investigation of homogeneity 
of this penicillin, since both gave paitition coefficients m too high aiange 
1 M buffer at pll 5 50 was found to be suitable This buffei was piepared 
to contain 110 gm of NaH 2 P 04 HoO and 34 8 gm of K 2 HPO 4 m a hter of 
solution 

A routine twenty-four transfei distnbution with 100 mg of the matenal 
gave the cuiwe showm in Fig 6 The first transfei ga'v e an emulsion which 
did not separate well, and the layeis were sepaiated by centnfugmg the 
glass tube Four transfers w^ere done in mdividual glass tubes, and at this 
point the layers sepaiated satisf act only All weie transfened to the ma- 
chine after the pure solvent in the coriesponding tulies had been wuthdiaw n, 
and the distribution was continued in the machme A lapse of 5 minutes 
time was allowed for sepaiation of the layeis The amount present m a 
given tube was determmed by evaporation to dryness after freezing out the 
watei in dry ice 

Tubes 13 and 15 weie treated with excess tiiethylamine No precipitate 
occuiied On standing and sciatchmg, crystals giadually formed, and an 
almost quantitative 3 ield of well foimed rods were obtamed This material 
appeared to give the best meltmg point of a tnethylammomum salt of any 
pemcillm thus fai studied It melted at 110-113®, the values depending 
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some^Ahat on the rate of heating It was dned foi analysis at loom tern 
pel atm e at 0 2 mm pressure 

C 2 H 4 i 04 N 3 S Calculated, C 59 55, H 9 33, found, C 59 83, H 9 10 

Fiom the cuive it is obvious that the oiiginal sample was not homo 
geneous, and it is difficult to estimate exactly the percentage of the single 
majoi constituent The materials occuinng both to the light and to the 
left of the cential band weie all active as antibiotics and piobably repie 
sentod substances as yet not characterized Howevei, the paitition co 
efficient calculated from the maximum point of the distnbution probably 



Ko, of tube 

Fig 7 Distribution pattern of mixture of four different pemcillins, O == 
in mg of triethylamme salt, ^ = optical density at 260 m^, solid line 
calculated curves, the dash line the calculated curve for one substance K " 


is fairly reliable for use m chaiactenzmg the so called ?i-heptylpenici in 
It vould appear to be 1 4 for the system and tempeiature used m the 
A fair idea has now been obtamed of the v ay these individual penici ms 
behave m the systems described, even though the samples used have een 
somewhat shoit of 100 per cent homogeneous Whether or not their pr^^ 
ence togethei m the same sample m substantial quantities ^vould a ec 
relative positions of the bands is a question which is all-impoitant 
method is to be used m charactenzmg pemcilhns To answer this 
a distribution w as made m which 50 mg of each of the four 
sodium salts were added to Tube 0 at the start of the run T e res 


this distnbution is shown m Fig 7 
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Ihe piocedure used in this distribution was somewhat different from that 
used in tlic prcMoub ones It will be described in full, since it involves a 
method of m nnpul ilion of the m ichine wdnch has not as yet been described 
in previou'? public ilions In this lun the machine was filled and tw^enty- 
four truibfcit) ipplicd is in the previous loins At this point the upper 
1 lycr of Tube 0 w is o\ ei the low ei layer of Tube 24 and wull be called Tube 
0/21 Ihc next tube in the clockwise direction was numbered 24/0 The 
lower 1 1 } Cl of this tube contained the same buffer in which all the material 
was pi iccd at the st u t of the distiibution The total mateiial (both la^^eis) 
in lube 21/0 w is withdi iwn and numbered 0 It contained the matenal 
‘-hown in lube 0 of Fig 7 and has h id twenty Toui tiansfeis applied to it 
Fresh equilibrated layeis were then added to the empty tube of the machine 
and after cquihbiation an additional transfer was made At this point the 
total miteiial in Tube 0/0 of the machine w^as mthdiawn and set aside 
It contained the material wdiich favored most the upper la^er or had the 
highest partition coefficient The pievious tube wathdrawm contained ma- 
tenal with the lowest partition coefficient The matenal now withdrawn 
had had twenty-five transfers applied to it and foi purposes of plottmg will 
be called Tube 38 in Fig 7 

Fresh la 3 ^ers were then added to the empty tube of the machme, and 
another transfer applied The contents of lube 0/1 of the maclune were 
withdrawn This material corresponded to Tube 1 of Fig 7 and had 
twenty-SL\ transfers applied to it The empty tube of the machme was 
refilled and another transfer applied The contents of Tube 1/1 of the 
machme w^ere then withdrawn and labeled 37 foi Fig 7 This matenal 
has had twenty-seven tiansfeis applied to it On the next withdrawal, 
Tube 1/2 gave Tube 2 of Fig 7, while the next after that, Tube 2/2, of the 
machine, gave 36 of Fig 7 This piocess could of couise be continued 
indefinitely until all the solute in the machine had been wnthdiawm, but was 
heie continued only until the matenal remaimng m the machine had had a 
total of thirty-eight transleis applied to it The procedure just desenbed 
will m the future be called the proceduie of “alternate withdraw^al,'^ and 
would appear to have considerable significance for the investigation of com- 
plicated mixtures 

At the end of the process described, the matenal lemainmg m the machme 
was withdrawn and numbered Tubes 7 to 31 consecutively, as shown m 
Fig 7, Tube 6/7 coirespondmg to Tube 7 of the pattern All of these 
tubes had had thirty-eight transfers applied, and a theoretical curve for 
matching could be fitted to this portion, just as in the routme runs used 
pieviously Tubes 0 to 6 (material vnth the low partition coefficient, like 
the p-hy droxybenzylpenicillm) have had progressively tw enty-f our, twenty- 
six, twenty-eight to thirty-six transfers apphed, and we do not at the present 
time have adequate mathematics developed for rapidly obtammg the theo- 
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\ndual ones alone are piobably leliable m locating, foi use m am future 
distnbution, the positions of the bands of the foui thus far studied 
A number of attempts were made to study the use of ethyl acetate as a 
solvent m this oik 1 m phosphate at a pH of 5 12 pio^ ed to be a suitable 
buffer for benz^d- and A--penten 3 dpemcilhn A summary of the results is 
given m Fig 9 of a routme twent 3 "-foiu tiansfei lun made inth ben 23 ’'lpenj- 
cilhn m the same v Siy as vuth ethei The mam band agieed well vith the 
calculated curv e and one \s ould oidmaiilj suspect a considerable amount of 
inhomogeneity m Tubes 0 to 6 The material in these tubes had ven little 



Fig 9 Distribution pattern of benzylpemcillm O = optical density 
0 = optical density at 320 ni;i, X = experimental weight curve, □ = cacua 
cur\e 


antibiotic actmt} Upon fuithei exammation the suspected 
neity was found to have a ven low paitition coefficient, much too lo^ or 
to migrate as fai as Tube 5 or 6 A discrepanc} is thus evident, ^ 
formation of some soit duiing the run vould be suspected 
mdeed v as the case v as shovm b} takmg the mateiial fiom Tubes 
isolated as the crj^stalhne tneth} lammomum salt, and 
as m the origmal mn Again approximate^^ 15 per cent of the sam 

tenal appeared m Tubes 0 to 9 mclusive mpillin lo 

Attempts to distribute p-hydioxybenz^d- and A--penteny pe 
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etlul \Lct ite both gv\e i simihr icsult It is thus evident that the par- 
tieul ir oth\ 1 VI otalc it h ind \s ib not s vtibf iv^toiy fov stiidj mg penicillin in 
i (pi unit iti\o nnnnei bcv iiise of in vctu ition Whethei oi not a specially 
puiified I tinl net itt would f ul to cnise inactivation can only be suimised 
It this point, Init this is a pioblem we hope to take up at some time in the 
luturc 

Fiom the ibo\c icsults it ippcucd possible to set up standards and 
const lilts whuh would be helpful in anal> zing commeicial penicillin prep- 



Img 10 Distribution pattern of commercial penicillin, O = weight curve, C = 
calculated curve for a single substance 

aiations foi clinical use as well as in defimtely chaiacterizing a particular 
penicillin Seveial routme distributions have therefore been made on 
commercial penicillin prepaiations available at the tune the work was 
being done Most of these weie amoiphous None had activity agamst 
Staphylococcus ameus less than 1000 umts per mg Four representative 
distiibutions of these runs m ether-2 u buffer at pH 4 8 are given in Figs 10 
to 13 inclusive 

The preparation shown in Fig 10 had almost all its activity in the benzyl- 
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Na of tube 

Fig 11 Distnbutiou pattern for a commercial penicillin, O == optical density at 
260 m^, O = weight curve 
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Fig 12 Distribution pattern of a commercial penicillin, O - in eight tur\ 
• = calculated curve 
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ponuilliu 1)111(1 l)iit (oiit uiiLil ilIi\c mitcuil m the A'’-pentenylpenicillin 
uj;um, iiul piohihh tout lined ippioxinnteh otolOpci cent of the latter 
luhe 11 ol (he m uii b iiul fi; i\ o le uhh the tiiethvhmmonium salt of ben- 
7\]pcnii dim, is shoiin b\ meltin'!; point, bollIbIht^, tivstilline foim, and 
in ih -IS Ihe in itcii il in liila s 0 to 2 is well as in Tubes 22 to 29 showed 
no antibiotic icti\it\ \s cm be -ceii fiom the chait, the method of 
dternite withdrni il i\ is ii'^cd m this distiibution 



luo 13 Distribution of a commercial preparation of supposed high n heptyl- 
penicillin content 

The dibtiibutioii ot Fig 11 was lua in exactly the same way, but showed 
a much moie complicated pictuie A small amount of ciystallme tiiethyl- 
ammonium salt could be isolated fiom Tube 13, and piesumably this is 
benzylpemcilhn The height of the cuive at the position between Tubes 
12 and 13 gives leadily the maximum peicentage of benzylpemcilhn which 
could be piesent in the sample, since this point would correspond to the 
maximum of the benzylpemcilhn band A calculated cuive for benzyl- 
pemcilhn should have a height at the maximum of 16 4 mg The sample 
could not have, therefore, more than 11 pei cent of benzylpemcilhn in it, 
but probably contains somewhat less 
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At least one other pemciUin is present in the cential overlapping band 
but, since this is too far displaced towaid the right foi A^-pentenylpenicilhn 
itself (this maMmum should occur at 16), it is probable that another pent 
ciUin or a mixture of A^-pentenylpenicilhn and another penicilhn is present 
The high band to the light of Tube 24 is active antibiotically and contains 
material occurring in the n-heptylpemcillin legion The number of 
different penicillins piesent in this band has not been determined, but it 
Mould appear to represent moie than 50 per cent of the total actmtv 
Fig 12 would appear to be rather clear cut and to show practically no 
inactive matenal m the sample It w ould appeal to contain approxunatei) 
90 pel cent of benzylpemcillin Tube 9 1 eadily gave the tnethylammoniuni 
salt which agieed in melting point, solubility, ciystalhne form, antibiotic 
activity, and analysis with the tiiethylammomum salt of benzylpeniciUia 
Appaiently theie is piesent about 3 pei cent of a n-heptyl type and 2 per 
cent of a paitially active p-hydroxybenzyl type 
Fig 13 again showed a much moie complex picture and was rather ami 
lai to Fig 11, except that it showed antibiotic activity m thep-hydroi) 
benzylpemcillin region In this run tiiethylamme was added to each tnh 
before evapoiation The only residues which crystalhzed directly vrcre 
those in the benzylpemcilhn band The shape of the broad central bsnil 
could scaicely be caused by benzylpemcillin and only one othei pemciKa 
A minimum of three different antibiotics i\as most likely present m . 
tubes A consideiable amount of activity was also present in the 


n-heptylpemciUmband occuiimg m Tubes 26 to 30 inclusive 

In order to learn something of the nature of the material ui Tube. < j 
to 30 another distribution was staited m the same system m which | 
matenal was taken at the start Only a few transfers were apphed,!' 1 
sufficient to separate most of the rapidly movmg band in the end I 
The ether layer of this end tube which ivas 8 cc m volume was I 
troduced as the upper layei m Tube 0 of a machine run which had ^ I 
pieviously prepared by hlhng the apparatus with the system ether I 

phosphate af pH 5 50 A routme twenty -four -stage distnbution^ I 

gave the pattern shoivn in Fig 14 Tnethylamine was added 

evaporation of each tube „l| 

The material in Tubes 0 to 5 was probably the same as material I 

m the central tubes of Fig 12 and w'as not examined further 

band was much too inde to be formed from a single substance 

tamed at least tw o Further, the approximately equal antibiotic 1 1 

of Tubes 10 and 18 indicated that a minimum of two antibiotics " , f f I 

faiorahle ” 


Only Tubes 13 and 14 would crystallize under conditions 


the ciystallization of the tnethylammomum salt of 
and when seeded This is the region of the maximum of ” 


ri-heptym 
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pciMtilhu bmd Ihc nntcnil which resulted m Tubes 18 and 19 \vould 
ippcu to be III inlibiolit not is yet dcsciibcd 
Coii^'ider ible initcinl ippeircd in Tubes 22 and 21 ivhich was active 
antibiotic illy Its niture ind complcMt}'' would also appeal to be un- 
know n 

V cert un imount of intcicst would appeii to be attached to the m- 
forniation to be dtrncd fiom Figs 13 and 11, since they establish the 



"No of tube 

Fia 14 Pa,ttem of the redistribution of the n heptylpenicillm band from Fig 13 
TEA salts = triethylammonium salts 

fact that this particular penicillin piepaiation is quite heteiogeneous with 
at least seven different penicillins being indicated in appieciable amounts 
No single species could compiise moie than 15 pei cent of the total This 
IS a particularly interesting conclusion m view of the fact that this prepa- 
lation was furnished us with the suggestion that it contained approMmately 
76 per cent of n-heptylpemcillm, as based on diffeiential assay 
There would seem to be no doubt that the method of diffeiential assay 
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has its \alue m estimating the lelative amounts of pemcilhns A\hen onl} 
two of the mch\adual pemciihns aie kno^^TL to be piesent and the identify 
ot the two IS knowTL Tins of course gieatly limits its apphcation The 
method, howevei, when combined wath the method of countei -current 
distiibi tion, should make a veiy infoimative tool foi the miestigatiou of 
crude pemcillins, smce the latter method usually furnishes the prelinimar} 
simphfication required foi the first This is a point w e hope to follow fiu- 
thei as opportumty presents itself 

It IS onl}^ to be expected and is definitel} indicated fiom Figs 13 and 14 
that the pemcilhns to be encountered in an amoiphous preparation are h\ 
no means restiicted to the four most common types For this leason basic 
studies similai to the t^qie lepoited in this papei wall probably always be 
lequiied, to deal with the pioblem intelhgenth 
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inrATIFIC VI ION OF bMVLL VxMOUNTS OF ORG VNIC 
COMPOUNi:)S BY DISTRIBimON STUDIES 

\ C MC'UI \1I0\ 01' 'illLOIlL'lIC \L CURVES* 

Uv BYRON WILLI UISON \m) LYM VN C CRAIG 
{troiii lliL I iiboiiilorus iif flu HockifLlU i [n'<lilutc foi Mtihcal Raearch, A^ew York) 
(Uliii\l( 1 for piiblu ition, Dccembir 13, 1946) 

'Ihu inethocl of coimtei-uiiient distribution foi the puipose of fiaction- 
ilion, detection oi inhomogeneit} , oi the clnuictcuzation of an unknown 
tompouiul h \i> been dcscnbcd in scveial picMous publications (1-3) Be- 
can've of the nituic of the piocess ind the attainment ot essential equihb- 
nuin it cich step, the icsults ue paiticulaily adaptable to exact mathe- 
mitnil intcrpiet ition oi lualvsis foi an> paiticiilai pioceduie chosen 
huch in ithemitic il inteipictation is useful fiom the standpoint of legulai 
pi icticc IS well is in undcist lading the undeil>mg natuie of such a pioc- 
css, ind thcicfoie is desciving of considei ible attention It is the puipose 
of the picscnt ticatment to deal with one phase of the inteipietation, 
n irneh th it of a m ichine distiibution when nothing is withdiawn from the 
madunc until the desued distubution is hmshed (Pioceduio 1 (1), oi with 
the piocedines gi\en in the two latei papeis (2, 3)) These lepiesent pei- 
haps the simplest of all coiintei-cuiient proceduies and iie theiefoie the 
most eas> to iiiteipiet mathematicallj , since they lequiie only the diiect 
application of the binomial expansion (4) (.Y+F)”, wheie Y is consideied 
the fraction being tiansfeiied in the uppei layei oi 7v/(/v + 1) m teims of the 
paitition coefficient and foi equal volumes of the two phases X is then 
the fiaction lemainmg m the low^ei layei, 1 “/x/(/il + 1) oi 1/(Y+1) The 
expansion is theiefoie 

[_K + 1 a: + 1 J 

Once such an actual distubution with a solute, homogeneous oi otherwise, 
has been reached, the lesults can best be followed oi inteipieted by plottmg 
i distubution cuive This curve is diawn by plottmg the total amount of 
substance in each tube oi cell ot the machine vei sits the consecutive numbeis 
on the tubes Highly useful deductions can then be drawm from the 
general shape of the curve and the number of maxima ob tamed For the 
piopei inteipietation of the cui*ve, the theoietical distubution of a smgle 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and 
Development and The Rockefeller Institute for Medical Research 
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piue substance having the same partition coefficient as the component in 
question is necessary and can be calculated diiectly from the binomial 
theorem In this papei several simple and rapid short cuts aie piesented 
foi the calculation of such theoietical distributions when the partition 
isothemi is a linear one 

The calculation of theoietical cuives b)'' a method of appioximation has 
been lefeired to pieviously in the papei s mentioned above Ho\\evei, a 
diiect application of the binomial expansion is necessaiy, uhen applied to 
relatively few transfeis such as in eight tiansfei distributions, and for the 
highei distnbutions m which Tube 0 (oi the highest tube) contains ap- 
preciable matenal As the calculation depends only on the knowledge of 
the value of the partition coefficient of the puie solute m the system em- 
ployed, methods of finding this value will be discussed latei in the paper 

The pioblem presented is the calculation of the fraction of the pine ideal 
solute piesent in each of the tubes (both layers combined) after the dis- 
tribution has been effected Fiom a step by step analysis of the binomial 
theorem, one is able to establish a table of geneial teims, Table I, giving 
the fraction of the oiigmal solute piesent in each tube at eveiy stage of the 
analysis as a function of the pai tition coefficient, K ^ The teims of Table I 
aie those fiom the binomial expansion 


IK + I^ K + lj 

Any single term, r, may be calculated directly from the mathematics 
of the binomial theorem, as given m Poimula 1 




(Ky 


(i) 


Tnr IS, therefore, the fraction of the oiiginal substance present m t 6 
Tube r in a distribution of n transfers or plates K is the paitition coe 
cient, or distiibution constant, and is always defined as the concentiation 
of solute in the upper phase divided by the concentiation of solute m t le 
lower phase Thus foimula (1) may be used to calculate a theoretica 
distribution for any given partition coefficient Foi an eight tians er 
distnbution, — 8 and 3 = 0, 1, 2, 8, nine values must be calculate! 

a twenty-four tiansfer distribution, n = 24, i 0,1,2, 24, twenty- 

values must be calculated 

^ All formulae derived in this paper 'vmII apply only to 
upper phase migrates, as in a machine distribution They w ill apply to is ^ ^3 of 

m which the lower phase migrates if l/K is substituted for K Also t le 
the two phases are assumed to be equal When they are not equal, e 
may be done by substituting the product K X r w herever K is used r in 
the ratio of the upper and lower volumes 



Tabll I 

Terms of Binomial Lxpanswn 
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* Table I is representative of distributions in which the upper phase migrates 
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Rathei than calculate each value independently from equation (1), 
more lapid methods aie possible vhich in pnnciple detemiine onl} one term 
diiectly and calculate all othei terms fiom tins one Foi a specific ex- 
pansion, t e f 01 a gi\ en x^alue of n , adjacent terms of the expansion are \ en 
sunpty 1 elated to one another This is exudent upon examination of 
Table I, e g 

in = 8) 


Ti = SKTo 

T2 = lKTi,etc ( 2 ) 

In general terns, the ? th term is related to the (r— l)th and the 
term by formulae (3) and (4) respective!}’’ 

Tr - FKTr^i (3) 



vhereF = (/i+l— ?)/? and F' = 0+l)/0i“r) 

Foi eight and twenty-four transfer distributions the factors F and F arc 
given in Table II A dnect apphcation of the use of these factors is dis- 
cussed latei m this papei Foi eight transfer distiibutions m vhich the 
lov ei phase migrates, a furthei convemence results if a senes of nme gnphs 
aie plotted fiom equation (1), (l/K substituted foi IQ with Tr as the 
oidinate and K as the common abscissa, foi values of ? = 0,1,2, 8 

From these graphs one is able to lead all nme values, one from each cune, 
foi any value of K, and hence obtam the theoretical concentrations m a 
veiy few mmutes These cuiwes are gix’'en in Fig 1 for values of K from 

0 40 to 2 50 

As Tr IS the fraction of the ongmal solute m Tube r, it is numerical 3 
equal to the amount of solute in gm only proxided the experiment i\as 
begun with. 1 gm In general, expeimients aie not begun with a um 
w eight, so that to determme the actual amount piesent in Tube ? the va ue 
Tr must be multiplied by the total v eight of solute used 

In appl}ung these data to the inteipretation of an actuil distribu ion, 

1 e the fittmg of a cuiwe, it is v ell to emphasize the basic point, name v 1 ^^ 
foi a pure solute and a given iiumbei of tiansfers the lelative amo^im 0 ^ 
substance in each tube is fixed (assummg a Imeai isotheim) 
inhomogeneity analysis, if the xmlues of Tr aie multiplied by the veip 
the mhomogeneous sample, the experimental coiicentiation va ues 
tubes at the extremities of the distnbution will exceed the 

by nearly the actual amount of the impunty present, xvhile t e eo 
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Table II 


t actors for Light and Tncnly Four Transfer Distributions 


r 

3 transfer dislribuijon 

24 transfer distribution 


P 

F' 

P 

1 

0 


1/8 


1/24 

1 

s 

2/7 

24 

2/23 

o 

7/2 

3/6 


23/2 

3/22 

3 

0/3 

1/5 


22 IZ 

4/21 

1 

5/1 

5/4 


21/4 

5/20 1 



1/5 . 

0/3 


20/5 

6/19 



3/0 

7/2 

19/0 

7/18 



2/7 

8 

18/7 

1 8/17 


8 

1/8 


17/8 

9/16 




16/9 

10/15 

1 

20 



! 5/20 

21/4 

21 



4/21 

22/3 

22 



3/22 

23/2 

23 



2/23 

24 

2-1 



1/24 
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values for the central tubes will exceed the expeiimental ones by a pro- 
poitional amount 

The pure solute fiom the inhomogeneous sample vnll usually be con- 
centrated in the tubes compnsmg the peak of the distribution, and it is thus 
valid to attempt to fit the maximum of the theoietical curve to that of the 
expeiimental one Impuiities aie then quantitatively indicated by the 
deviations at the extiemities of the two curves, the expeiimental values 
alwa} s exceedmg the theoretical ones by the amount of impunty present 
This fit IS accomphshed by multiplying all Tr values by the factoi T max A 
Tmax , uheie T"max IS the expeiimental value foi the tube of max- 
imum concentiation and Tmax is the theoietical value foi this same tube 
on the basis of unity, ^ e as calculated from formula (1), or as lead fiom 
Fig 1 In the event the means of analysis does not lesult m the direct 
determination of the actual weight of substance in each of the tubes (e g 
spectioscopic analysis), the fibres proportional to weight may be used 

In piactice, however, especially with distributions of more than eight 
tiansfers matching the theoretical curve to the experimental one is best 
accomplished directly by the procedure now to be outlmed After deter- 
mining the experimental distnbution, a value is chosen near the peak of 
the distribution curve, prefeiably the maximum one, and, assuming this 
to he on the theoretical curve, the other values composmg the theoretical 
distnbution aie calculated by use of the factors F and F' The use of the 
pomt near the maximum of the distribution cuive mvolves the previously 
stated assumption that the solution represented by this pomt is that of a 
pure compound 

If a distnbution is attempted with a mixture of two substances whose 
partition coefiicients are close together, for example a mixture of isomers, 
a cleai separation may not lesult, and instead of obtaimng a curve of two 
distinct peaks a rather bioad, single peak may occur In attempting to 
fit a theoretical curve to such a distribution, one must assume the existence 
of at least two substances and find two curves which, when added together, 
wall give the experimental one The apphcation of this method to steno 
isomers, diastenoisomers, and othei veiy closely related compounds is 
bemg undertaken and appears to offei piomise Methods for a more com- 
plete separation of compounds vith nearly identical partition coefficients 
may also be found m vanations of the standard distribution procedures 
Such possible vanations are bemg further investigated Tw o typical curves 
are given m Figs 2 and 3 Fig 2 is that of an eight transfer distnbution 
of a mixture of two compounds consistmg of 90 per cent of Compoun 
(Iv = 1) and 10 per cent of Compound B {K = 10) Fig 3 is a twenty- ou 
transfer distnbution of the same mixture, showing the inci eased 
rendered by the use of a greater number of tiansfers In all cases in w i 
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nu ipplicd Ihcoicticil cuivc will not coincide with the e\peiimental one, 
it IS iiuiicUcd b\ a dotted line 

Bj use of the ibo\o methods, the tlicoicticil distiibution of a pure sub- 
stuice tan be dotcimmcd exictly foi any given paitition coefficient 



Fig 2 Pattern of eight transfer distribution 
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Fig 3 Pattern of twenty-four transfer distribution 


Theiefoie m con ti as ting theoretical concentrations with those obtained 
experimentally m an mhomogeneity analysis, the partition coefficient of 
the puie substance must be deteimmed The ways m which this may be 
achieved aie seveial 

Direct Measuiement — The partition coefficient as measured before the 
distribution is that of the inhomogeneous solute, and is consequently not 
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usable m the theoietical determination The matenal in the tubes near 
the peak of the expeiimental distiibution, however, should be the most 
nearly homogeneous, except m the case of an inhomogeneity vnth an iden- 
tical 01 neail}’' identical partition coefficient These solutions may thus be 
used to deteimme expeiimentally the partition coefficient of the pure solute, 
unless otheiu ise mdicated by the shape of the cuive Diiect measuiement 
IS iluays used in this laboiatoiy to serve as a check on experimental pro- 
ceduie oi calculations, as well as on possible deviations fiom a linear 
paitition isotheim, but foi use in the calculation of a theoietical cuive to 
be fitted K may be derived as given below, vnthout the sepaiate expen- 
mental determination 

Indued Calcidahon — ^Wffien the tubes neai the peak of the cuive contain 
homogeneous matenal, this pai t of the experimental curve is lepiesentative 
of the tiiie paitition coefficient of the puie solute Further, the foim and 
position of this pait of the cuive aie quite sensitive to the value of the 
paitition coefficient, and herein hes the basis for seveial methods of de- 
tennimng this coefficient Two aie mentioned heic 

V pievioush leported application (1) of tins pnnciple is m the use of the 
foimula 


N 




( 5 ) 


winch defines the lelationship between the position N of the peak of the 
cuive and the paitition coefficient, IC, wheie n is the numbei of transfei^ 
in the distnbution This formula assumes a continuous function and b 
exact only if K is equal to umty oi if theie aie an mfinite number of tiansfera 
in the distnbution For distributions mvolvmg a numbei of tiansferu 
greatei than twenty, when the paitition coefficient is neai unity, the aboie 
foimula IS satisfactory m oidinaiy piactice Its disadvantages are 2-fold, 
namely, the abscissa of the peak of the cuive, iV, can only be estimated 
lathei than detenmned accuiately, and secondly, it cannot be applied to 
eight tiansfei distnbutions 

A second method of determimng the paitition coefficient fioni the legion 
neai the peak oi fiom any othei pait of the expeiimental distnbution cuive 
utihzes the condition that the ratio of the concentiations in aiy two tube^ 
is a specific function of the partition coefficient The concentiation m 
any one tube is a function of both the mitial concentiation and the pai tition 
coefficient The latio of the concentiations in any tivo tubes, howevei, 
a function of the paitition coefficient only, and is independent o JO 
initial concentiation For example, in an eight tiansfei distiibu ion, 
Ti/n = 5/MK) Hence 




( 6 ) 
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The methods given m this paper for the calculation of theoretical curves 



will supersede in many instances the foimula earlier deiived foi the calcu- 
lation of theoretical curves Equation (1) is exact, while equation (9) is an 
approximation Nevertheless, equation (9) is of mterest because it permits 
easy calculation of curves foi numbeis of transfers higher than twenty-five 
Furthei, it is apparent that very close approximations may be made ivith 
this type of mathematical calculation In Fig 5 curves for if = 0 707 



Fig 5 Agreement of calculation with the exact calculation and the approximation 


are given foi twenty-four and forty-eight plate distributions calculated 
exactly by formula (1) and by the appioximation of formula (9) The 
constant a, which was deiived empiiically, appioaches 2 for either large 
01 small coefficients, since it is equal to 2(l//^+l) Heie the recipro 
cal of l/JiC, must be used when K is greatei than 1 Thus equation 
(9) becomes equation (10) 


y = 


1 



K 

{K + I)*"" 


o. 


( 10 ) 


where y is the ordinate oi the fraction of the substance m the tu e 
m question, K is the partition coefficient, n is the numbei of transfers, an 
X IS the numbei of tubes between the one m question and the maxima 
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1 hus w hen x is 0, y ib the m iximuin Equation (9) is in accord with previous 
cquatioiib (5) for this t} pc of calculation and coincides with the curve of 
error 

Our llieoictic il consider itions have thus fai been restneted to the sim- 
plest possible 1} pe of manipul ition of the machine In this no attempt is 
m ulc to prevent the b iiid from spreading oi othei wise to modify it, such as 
pcnodic withdraw il of ccitain frictions, evapoiation to dryness, and return 
to the preceding tube would achie\e This lattei pioceduie offers the 
possibility of one w ay of introducing a principle wath the same effect in our 
machine that tlie piintiple of rc(lu\ has, as used m fiactional distillation 
Also the periodic withdiawal of ceitain fractions offers itself certain m- 
tcresting possibilities It is our intention to discuss these appioaches in a 
forthcoming paper when more cxpeiimental data aie at hand 

Methods for rapid and accurate calculation of theoretical cuives for use 
m the ‘^counter-curient distribution’^ method have been presented 
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FLl OROPIIOrOlMETRIC ESTBIATION OF STILBAIVIIDINE 
IN URINE AND BLOOD 

B\ ABRAHAM SALTZMAN* 

(/» rom the Second Medical Service of Dr I Snapper ^ the Mount Sinai 
Hospital^ A^cw Yorl) 

(Received for publication, March 14, 1947) 

btilb unidme (1, 1'-ili iinulinobtilheiic) \\d^ been mtioduced by Yorke and 
Ills* eolleagiicb (1) i powciful chemothei ipeutie agent foi the treatment 
of tr\ p inohomi i:=is, k ila-az ii , ind b ibcsi iMb It has also been expeiimen- 
t illy used m the therapj" of puiulont aithiitis (2), simian malaiia (3), and 
most recentl}’’ in multiple m^clomi (4) A method foi the estimation 
of thiii drug in biological fluids is of impoi t mce and is the basic lequirement 
of any studj" with stilbamidine Diiect application of ph^’^sical methods, 
i e fluorescence oi ultraviolet absoiption, while highly desiiable because of 
their sensitivity and specificity, lesults m inaccuiate leadmgs because of 
the presence m biological fluids ol mteifering substances In the method 
to be presented stilbamidme is hist scpaiated quantitatively by an ion 
e\cliange column of Decalso (suggestion of Di Ohvei Lowry), and then 
eluted and measuied wuth a fluoiophotometei The method also has the 
advantage that a piehmmaiy prec ipitation of plasma protems is not neces> 
sary 

Pruiciple — Stilbamidine exhibits a biilhant blue fluoiescence w^hen ex- 
posed to ultraMolet light and this piopeit\ can be used foi its estimation 
The fluorescence is measuied by a photometei aftei sepaiation fiom other 
fluorescent mateuals The flmd to be exammed is placed on a column of 
Decalso for adsorption The column is washed fiee of impunties wath 
large volumes of hot w^ater Elution is earned out wath a 0 2 n HCl-50 
per cent ethanol mixture, which is more efficient than the usual HCl- 
KCl mLxture The small blank ^aluc foi the urme is then reduced b}'^ 
strong acidihcation ot the eluate \ftei a specific time mterval the eluate 
IS measuied m a fluoiophotometei 

Reagenlb — 

1 Decalso, 50 to 80 mesh, washed before use with 3 per cent acetic 
acid followed by distilled watei and diying 

2 Silica sand, fine granulai 

3 Eluting mixture, equal paits of 0 4 n HCl and 95 pei cent ethanol 

4 Hvdiochloiic acid, c p , concentrated 

*Assisted by a fellowship from the Emanuel Libman Fellowship Fund 
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ESTiaiATION OP STILBAMIDINE 


Method of Aiialysis 

Stilbamidme is photolabile in aqueous solution, necessitating the per- 
formance of all stages of the method in dim artincial hght or m the dark 
Adsorption columns were made fiom oidmary glass tubing 9 mm in diam- 
eter, wuth a 0 5 mm hole at the bottom They should be at least 10 mches 
long and pieferably with a funnel top A few grains of silica sand are 
added to the column which is wetted with a diop of water applied to the 
bottom Decalso is added until a column 6 mches m length is fonned 
Gentle tapping of the tube assuies unifonn distribution of the Decalso 
Uime samples aie collected m dark bottles Measuie 5 cc of urme 
(contammg 1 to 30 7 of stilbamidme per cc ) mto the column and allow 
adsorption by giavity It is advisable to check adsorption by a momen- 
tary exposure to a weak source of ultraviolet hght 
Wash the column with 60 cc of hot water, usmg gentle suction Dis- 
card the water Elute with thiee portions of 4 cc of elutmg mixture and 
collect m a 25 cc volumetric flask This step is done without suction 
Add 1 cc of concentiated HCl to the solution m the flask, dilute to the 
mark with distilled water, mix, and place m the dark for 15 mmutes before 
measurmg the fluorescence 

Standard Sclutzons — The stock standard is a 30 mg per cent aqueous 
solution of stilbamidme isethionate This is stable m the dark at room 
temperature, losmg only 2 per cent per week Of this solution 01, 0 3, 
and 0 5 cc are carefully measured into 25 cc volumetnc flasks 12 cc 
of elution mLxture are added to each flask and mixed Then 1 cc of con- 
centrated HCI IS added and the solution made up to the mark with distilled 
water After mixmg, exactly 15 mmutes should elapse before the fluo- 
rescence IS measured Standard solutions m water are not comparable, 
as they have only two-thirds of the fluorescence of those containing 
alcohol 

Reagent Blank — 12 cc of elution mixture and 1 cc of concentrated hy- 
drochloric acid are made up to 25 cc with distilled water 
Fluorometric Measureyyient — ^An mstrument contammg a balance photo- 
cell and bridge circuit is reqmied for stable, reproducible readmgs an 
hnear response (Lumetron^) The fluorescence is measured with t e 
usual primary and secondary vitamm Bi filters and a wue screen ^Ylnc 
cuts dowm the intensity of the measurmg beam about 70 per cent Ai 
the Lumetron has w armed up the secondary standard (1 7 
sulfate m 0 1 N sulfuric acid) is set at 50 and the reagent blank at 0 wnt ^ 
zero suppressor control If the 15 cc sample holder is used, 12 cc ahquo 
are pipetted mto the sample holder 

1 Photovolt Corporation, New York 
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EXPEnntENTAb 

Tile fluoicijcencc of btilbaniidmc dcteiioiates rapidly dui mg measure- 
ment, probabl} owing to situiation of the ethylene hnkage (5) The 
dctcnorition expciienccd under oui conditions of measurement is given 
in iMg 1 It 1*5 been th it the greatest late of change of fluorescence is in 
the Ibt minute If one exposes the solution to be exammed foi exactly 1 
minute befoic t iking a readuig, reproducible measurements can be made 
with a \ inition of 2 per cent oi less The disadvantage of reachng the 



fluorescence after a longer peiiod of time is that the fluorescence of the 
blank does not change, so that proportionately it becomes gieater 
A giaph of the values for the fluorescence of the standard solutions forms 
a straight hne foi the low concentiations measured (Fig 2) It can be 
noted that a leading of 60 is obtamed when 0 09 mg of stilbamidine ise- 
thionate was present in the ongmal 5 cc ahquot of unne, the blank on the 
urme without stilbamidine bemg, on the average, about 2 By this method 
the drug content of the unne oi other biological flmds can be measured 
accurately dmvn to 1 7 per cc of fluid tested 
Recoveries averaging 87 per cent were obtamed m experiments m which 
stilbamidme was added to 5 cc samples of unne (Table I) The average 
deviation of a smgle determmation was less than 2 per cent This is a 
satisfactory result foi a method employing Decalso, the loss bemg due to an 
mseparable, permanently adsoibed fi action 
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Table I 


Recovei y of Slilbamidine Isethionate 



Stilbamidme added 

Per cent reco\ered* 


ms 


Urine 1 

0 015 

96 

2 

0 03 

89 

“ 3 

0 06 

88 

4 

0 06 

87 

“ 5 

0 09 

87 

6 

0 09 

87 

“ 7 

0 09 

84 

8 

0 09 

86 

9 

0 09 

83 

10 

0 09 

87 

“ 11 

0 09 

85 

12 

0 12 

85 

“ 13 

0 12 

87 

Plasma 1 

0 018 

84 

2 

0 018 

85 

“ 3 

0 036 

88 

“ 4 

0 06 

89 


* After subtraction of the blank 



StilbaTniciine Isetkionate 


Fig 2 Fluorescence curve of stilbanudme 

Proteins need not be lemoved before placing the plasma on the Decalso 
column A proceduie similar to that for urme is apphed to 2 cc samp es 
of plasma The qumine standard is set at 100 and u eaker standard so u- 
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tioiib iro iiecosMiy Bhnk v lines of plasma without stilbamidine are 
negligible Reco\oi3 of stilb iniuhne vulclecl to plasma was the same as 
with urine (Tible I) CuUuie medii coiit lining stilbamidine can be ev 
ainincd in the s imo w 


Comment 

Ihe pi) urn icologic il uid clinical studies of stilbamidine and other aro- 
milic iinidinc^ hue been lundicapped by a Jack of suitable methods for 
the C'^tim ition of the iinounts of these drugs in urme and blood By mak- 
ing use of the two leidily ippuent piopeities of stilbamidine, adsoiption 
ind fluoiesccnce, i simple ind iccurate method for the determination of 
stilb imidinc in biological fluids w is c\olved Recently a method has ap- 
pe ucd foi the fluoiometiic dotcnnmation of aiomatic amichnes based upon 
tile le iction of the 1 ittei with gl^oxal and benzaldehyde m alkaline aqueous 
solution witli foimition of fluoiesceiit glyoxahdone denvatives (6) Al- 
tliough this is i dehnite impio\ement over previous methods employmg 
gl^^oxal, it icquiies the sepaiation of amidme fiom plasma piotems with 
eithei di ilyzed non oi but 3 d alcohol, and foi mine samples theie aie fie- 
queiitb" (0) ^‘extraneous compounds winch mhibit the reaction of the aio- 
m itic iinulines with gl 3 ''o\al and benzaldehyde ” Furthermore, the lange 
to be mcasuied (2 to 10 y of stilbamidine) is more restneted than with the 
Decalso method 


SmiAIAICi 

sunple and accuiate method of estimation of stilbamidine m uime and 
blood IS given The stilbamidine is sepaiated fiom mteifermg substances 
by adsoiption on a column of Decalso, which is then w ashed with hot water 
Pielimmaiy piotein piecipitation is not necessaiy Elution is cained out 
with a hydiochloiic acid-ethanol mixture, which is fuithei acidified to re- 
duce blank fluoiescence The chaiacteiistic blue fluoiescence of the stil- 
bamidine IS then measuied m a fluoiophotometer 
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V CIIKMIC VL METHOD l^OR THE DEfERMINATION OF 
PrEROYIGLUTVJillC VOID AND RELATED 
COiMPOUNDS 


B L HUTCHINGS, E L R STOKSTAD, J H BOOTHE, J H 
MOWVr, G \V WVLLCR, R B ANGIER, J SEMB, 

\\D Y SUBBVROW 

With tjii TtciiMcvL AsbisTvNCE of Vvva db Gruvigbv 

{tram the Lcdcrlc Laboratories Duisioiiy American Cyanamid Company , Pearl 

Riier^ New YorJ ) 

(Received for publication, February 12, 1947) 

Ptero 3 dglut xmic acid, N-[4-{ [(2-amlnO“•Fllydro\3^-6-ptelld3d)InethyI]- 
aml^ojbenzoyl]gllltamIC acid, on eithei chemical or catalytic leduction at 

O 

IIOOC— CIINII— C<f 

I ^ 

CH. 

I 

HOOC— CIP 

an acid pll is cleav ed to yield a ptendine and p-ammobenzoylglutamic acid ^ 
The reaction seems to be geneial for this gioup of compounds and is sug- 
gested as a basis for a chemical method foi the determination of pteroylglu- 
tamic acid, its deiivatives, and analogues 
The method consists of leducmg the compound with zinc dust m 0 5 n 
hydrochloric acid The aiomatic amme is measured by the method of 
Biatton and Marshall (1) before and after reduction The dififeience 
between the two \ alues multiphed by the appiopriate factor is a measure of 
the pteroyl deiivative present 


> 


NH— CPIi- 


■ r 

N 

OH 


NHs 


Method 

Apparatus — K photoelectiic coloiimetei is necessary to measure accu- 
rately the color formed m the Bratton and Mai shall procedure An Evelyn 
photoelectric colorimeter and a Beckman spectrophotometer have been 
used 

Reagents — 5 0 n hydrochloric acid 

Reagent grade of zme dust 

^ Hutchings, B L , Stokstad, E L R , Mowat, J H , Boothe, J H , Waller, C W , 
Angler, R B , Semb, J , and SubbaRow, Y , unpublished data 
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DETEHIillNATION OF PTEROYLGLtTTAmC \CID 


0 5 per cent solution of gelatin containing 0 1 per cent benzoic acid as a 
preservative 

0 1 per cent solution of sodium nitnte 

0 5 per cent solution of ammomum sulfamate 

0 1 per cent solution of N-Clmaphthy^-etliylenediamme dihydiochlonde 
This reagent is hght-sensitive and should be kept in a biovTi bottle 

0 1 per cent solution of p-ammobenzoic acid m 50 pei cent etlianol 

Procedure 

A geneial outline of the method, with pteroylglutamic acid as an example, 
follows A solution contammg fiom 0 5 to 3 0 mg of pteroylglutamic acid 
IS placed m a 100 ml volumetric flask To this flask aie added approx- 
imately 80 ml of watei, 10 ml of 5 0 n hydrochloric acid, 1 0 ml of a 0 5 
pel cent solution of gelatm, and sufficient water to make the total volume 
100 ml A sample of this unieduced solution, usually 2 ml , is lemoved and 
used foi determmmg the fiee amme If the ongmal compound or crude 
pioduct contains less than 2 per cent of fiee amme, an aliquot of the ongmal 
solution must be used m oidei to obtam a readable color 

The remamdei of the solution is transferred to a 250 ml Eilenmeyer 
flask and reduced by the addition of from 0 5 to 1 0 gm of zmc dust The 
amount of zmc dust is not critical and can be conveniently estimated once a 
\\eighed amount has been used After 10 mmutes reduction, dm mg iihich 
time the flask is shaken mtennittently, the zmc dust is filtered off and the 
amme is determmed on 2 ml of the filtrate by the followmg procedure 
The sample is diluted to 6 6 ml ivith water To this solution are added, 
mth thorough mixmg, 0 4 ml of 50 n hydiochloric acid and 1 0 ml of 
sodium nitrite solution After 3 mmutes, 1 0 ml of ammonium sulfamate 
solution IS added and the decomposition of the excess nitrous acid is allowed 
to pioceed for 2 minutes At the end of this period, 1 ml of N-(l-naphthyl)- 
ethylenediamine solution is added The coloi reaches a maximum m 5 
mmutes and is stable for several hours The color may be measuied at 
550 mju m a Beckman or Coleman spectiophotometei oi m a photoelectric 
coloimnetei ith a 550 mja filter The use of specially cleaned nuvettes 
decreases the tendency of bubbles of mtiogen gas to adlieie to the sides 
of the cuvettes 

Smce p-ammobenzoic acid, p-ainmobenzoylglutamic acid, and p-amino 
benzoylgtycme give the same molal color , it is reasonable to suppose that 
other peptides of p-ammobenzoic acid would give similar results On e 
basis of this assumption p-ammobenzoic acid has been used as a standar 
m the Biatton and Marshall method A response curve is constructe 
with from 5 to 20 7 of p-ammobenzoic acid This is necessarj’’ since le 
color mtensity does not exactly follow Beer’s law 

Calculations — ^The difference between the amme obtamed after reduc ion 
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uul tlu unino obtiuud on tlu* luucduced bolution yields the combined 
immc pio^ont I his \ duo multiplied by the factoi, (moleculai weight of 
ptciovlglut unic uul) (moltculir weight of p-aminobenzoic acid), gi\es 
tho niKrogrun^ oi |dou)^Iglut imu icid in the diluted sample 

1 \1»I* RIMLNTVL 

Exknt of Rcduclwn -the in ignobium salt of pteroylglutamic acid was 
prep lied In he itmg tho fico leid with magnesium oxide in the mmimum 
imoimt of w itoi I lie solution w is hlteied to free it of excess magnesium 
oxide On (ooling, in igncsium pteioj Iglutamate ciystalhzed as needles 
Vftei tluco lecrvstilhzitions the m ignesium salt w^as collected, aii-diied, 
uul thou diiod in i high vicuiim it 1 10° foi 4 houis 

C.dbcOeN Mki HO 

Calcul ited C lb 20, H 3 bb, N 19 90, Mg 7 41 

I ound 16 51, 16 44 1 20, 3 70, “ 19 92, 19 78, “ 7 38, 7 29 

\\ hen the compound w^as reduced undei the conchtions described above, 
it w IS found to contain 0 09 pei cent fiee amme as p-ammobenzoic acid 
ind 2S 25 pei cent total amine The diffeience between these two values 
multiplied bj the factoi, (CW I leOcNTMgi 6 HoO)/ (moleculai w^eight of 
p uninobonzoic uid), give^ a hguie of 101 2 pei cent \s the accuracy of 
the Biatton ind ]\Iaishall detennination is ±2 pei cent, the figures indicate 
tint the leductive cleavage is essentially complete 

Vn independent method of as^essmg the puritj of the compound w’-as 
babcd on a compaiison of the extinction coefficients of the magnesium 
ptei03dghitamate with the ^alue foi pteioylglutamic acid The 
value at 355 mpt foi magnesium pterojdglutaraate was 184 AVhen this is 
collected foi the magnesium and watei content, the value is 205 5 
The value foi a highly puiified piepaiation of the fiee acid is 206 This is 
fuithei evidence foi the essentially complete reduction of pteioylglutamic 
acid into its pterichne and aiomatic amme components 

Tune of Reduction — Samples weie i educed for the lengths of tune noted 
in Table I Maximum amme liberation occuired m less than 10 mmutes 
Fuithei leduction, especially with certam samples of zme dust, led to 
somewhat low^ei values This appaiently arises fiom paitial destruction 
of the aiomatic amme that is fornied on leductive cleaA''age (see below) 
Stabihiij of p-Aminohenzotc Acid and p-Aminohenzoylglutaimc Acid to 
Reduction — p-Aminobenzoic acid and p-ammobenzoylglutamic acid were 
leduced under conditions similar to those used for the pteioyl derivatives 
Definite destiuction of the aiomatic ammes occuried (Table II) The 
inclusion of gelatin m the reduemg solution protects the ammes from 
inactivation The exact nature of this protective action is unknown 
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DETERMINATION OP PTEROYLGLUTAIMIC ACID 


Stability of Diazo Coinpoiind to Light - — A senes of expeiiments was cairied 
out in which p-ammobenzoylglutamic acid was diazotized m led flasks 
which weie non-actmic, in ordinary glassware in laboiatory bght (slight 


Table I 


Effect of Time and Acidity on Reduction of Air -Dried Pteroylglulamic Acid by Zinc 


Tune 

Acid concentration 

fi Aninobenzoic acid 



1st determination 

2nd determination 

mtn 

1 

0 5 N HCl 

per cent 

28 9 

per cent 

28 9 

2 1 

0 5 1 

28 8 

28 9 

5 

0 5 

29 0 


10 

0 5 

29 5 ! 

29 5 

20 

0 5 

28 3 

28 3 

10 

0 05 “ “ 

25 3 

27 4 

10 

0 1 a 

27 9 

27 6 

10 

0 2“ “ 

28 0 

27 6 

10 

0 5“ “ 

28 6 

28 2 

10 

10 “ “ 

, 27 9 


10 

0 1 “ CH 3 COOH 

27 5 

27 4 

10 

0 

to 

28 0 

27 4 

10 

0 5“ 

28 0 

26 8 

10 

10 “ 

28 6 

27 0 


Table II 


Effect of Gelatin on Stability of p-Amtnohenzoic Acid and p Amtnohenzoijlgluiamic 

Acid to Reduction by Zinc 


Compound 

Time o£ redue 

Before reduc 

After reduction 

tion 

tion 

No gelatin 


p-\minobenzoic acid 

p-Ammobenzoylglutamic acid 

tmn 

10 

' 60 

10 

60 


7 per ml 

79 0 

45 6 

92 3 

81 5 

7 per ml 

100 

9S 

103 

102 


simbght), and in oidmary glasswaie in direct sunbght The results aie 
presented m Table III It is quite apparent that the p-aminobenzoyl- 
glutamic acid diazo compound is unstable to direct sunlight Inordman 

2 We are indebted to Dr W Seaman and Mr J T Woods of the Calco Chemical 
Division, American Cyananud Company, Bound Brook, New Jersey, for the 
tion and data pertaimng to the instability of the p-aminobenaoylglutamic aci ^ 
compound to bght and the fact that zinc amalgam will serve as a satisfactory re u 
mg agent 
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liborilon light (no cliicct sunlight) the diizotizatiou pioduct appears to 
be st iblc lIoN\e\ei, if Ihcic it> i possibility of diicct sunlight, the diazoti- 
7 it ion iiul Loupling Mioiild be c uiicd out in non- ictinic glasswaie 
Siabilitij of PtLroijlglutamic Acid (o Light — Smce it has been shown that 
pteioylglul imie icul is decomposed by light to yield p-aminobenzoyl- 
glut unit icid (2), the inil3tical pioceduies foi this compound should be 
c lined out m the ibsence of diiect or indiiect sunlight 

Conclalion loith Biological Aclivilij — In ceitain S3mthetic pioducts the 
chemicil method gi\cs highei \ allies than does microbiological assay 
llus Is mteiprctcd to mean tint the isomeiic 7-pteiidyl compound is also 
reduced to 3 leld an aromatic amine The e\tent of reduction of the iso- 
meric compound h is not been studied on a puie pioduct Howevei, a 
comparison of the chemic il values with the \ allies obtained on microbi- 
ologicil issay series to indicite the piopoition of active isomei piesent 

Time III 


Slabilitg of p- iiniiiobenzoylgliilamtc Acid Diazo Compound to Light 


Conditions of lighting 

P Ammobenzoylglutamic acid 

Red flask 

Per cent 

99 6 

Laboratory light 

98 9 

Direct sunlight 

56 9 


Wien only the active isomei is formed, theie is complete correlation 
between the chemical and biological activity 

Inlerfenng Compounds — i\jiy compound that Mill give rise to an aiomatic 
amine on leduction, ivhich m ill develop a coloi m the Bratton and Maishall 
determination, Mill mteifeie The distribution of such compounds m 
natuial products is unknown 

Intel fering compounds in the ciude products aiismg fiom synthesis are 
the isomeric compound mentioned above and oxidized ammes The 
oxidized ammes are lemoved by prehminaiy puiification of the active 
compound 

Uhhty of Method — The method is satisfactoiy Math concentrates demed 
from natural sources when the content of the active compound is 5 pei 
cent or greatei The method is entiiely satisfactoiy for detennmmg the 
potency of crude pioducts deiived fiom vaiious synthetic leactions when 
only the natuiall}'' occuirmg isomei is present 
When the method is used for the various derivatives or analogues, the 
desired factoi is obtamed fiom the folloMmg latio, (moleculai Mmght of 
analogue)/ (raoleculai weight of p-ammobenzoic acid) 
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DISCUSSION 

Oa the basis that the leductiou pioceeds essentially to completion, the 
accuiacy of the method is deteimmed by the accuiacy of the Bratton and 
Mamhall pioceduie, which is ±2 per cent 
As the sensitivity of the coloiimetiic pioceduie is not gieat, the chemical 
method is of no value in deteimmmg the pteioylglutamic acid content of 
natural mateiials unless the active compoimd is piesent at a concentration 
sufficient to give a leadable coloi 

Zmc dust containmg fiom 1 to 3 pei cent copper has been used as the 
leducing agent The reduction is somei\hat moie vigorous but offeis no 
particulai advantages over zmc dust alone Zmc amalgam (containing 
fiom 0 1 to 4 3 pel cent zmc) is a satisfactoiy leducmg agent ’ In this 
modification the leduction is carried out foi 30 mmutes on a shaking 
maclime The values obtamed with zmc amalgam aie similai to those 
ob tamed vith zmc dust when gelatm is piesent but somewhat highei than 
the values obtamed uith zmc dust alone 
Only appio\unate values could be obtamed foi pteioic acid by the 
chemical method because of the extreme msolubility of this compoimd in 
acid solution This is a specific lathei than a geneial pioperty of this 
group of compounds 


SUMMARY 

A chemical method foi the determmation of pteioylglutamic acid and 
related compounds is outlmed The method is based on the fact that 
these compounds aie cleaved by reduction m an acid solution to yield a 
ptendme and an aiomatic amme The amount of aromatic amme foimed 
duimg the reduction is determined by the method of Bratton and Mai’shall 
and is used as a measure of the pteroyl derivative piesent 

It IS a pleasure to express our appreciation to Mr L Brancone and 
cowoikeis for the microanalyses 
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V\ LMiniOMOl) MEl'llOU 1<0R THE DE’l'ER^^[lNVTlON OF 
rR\PJT)lMrV\E WITH ^j-DIiMETIIYLVIMINO- 
BENZ VLDEIIYDE 

Ih LI \lin 1 Lli VH \iM, LDWMID P bMl’llI, b'lANLl'A W IIU'R, 

\M> DVVID IvLElN 

(/ roin //it- /^tst(irc/i I aboi ntonti} , 'I he Wthon I aboi ato) ui>, Chu(iyo) 
(Ucitntil foi pubhciition, Ucitinhoi JO, 1010) 

tlu inodifu itiDiis piopoMd in lids papoi peiinit the ouj^inul Bates 
nuthod (1) to he dl> ipplud to the assay ot Inptophanc m piotcins 

tint i simple, i ipid, uul aicuiute method foi det(immini> this ammo 
u id i> uhie\ed dins is aitomphslud b\ de\tlopm<!; the standaul (oloi 
in the pitsemt ol p;tlitm and h\ making*; teitam (hanj»;es m the coneen- 
trations ol tlu u ip;ents so tint mtcileiemc fiom (vstnu is eliminated 

n\ei uiMi M VI 

injlmud of (h lull non Piodudwn of Him Co/oi Wlu n pine tiyptophano 
was tie il(d by the shoit piocediiie ol Bates, moie eoloi was piodiucd and 
fidiiii; w IS less i ipid in the pieseiue ol gelatin than wdien no gelatin was 
uhUd 

Tiblc I bhowb that ma\imum (oloi was piodiued m the picbonce oi 
gel itin wdic n the lime ol development w as betw een iO and 90 mimitob No 
gicatei eoloi intciibity eould be pioduccd when the NaNOa was inei eased 
fiom 0 2 ee ol 1 5 pci cent to 0 2 ec ol 5 pei cent solution 

In the absence ol gelatin, the coloi does not leacli ma\imum intensity 
legiidlesb of time, piobably because ol the destiuction ol tiyptophane in 
stiong IICI Table I indicates a eoloi mtensity 20 pei cent gieatei foi the 
stmdaid to wdiieli gelatin was added Aeeoidmgly, tiyptophane values 
obtained by leading fiom a standaul euive piepaied wnthout gelatin, as 
Is the usual custom, aie too high 

The data wcie obtained as follows 2 cc ot a solution eontainuig 0 3 
mg of i-tiyptophane (Mcick) weie added to each of tw^enty 100 cc volu- 
metiic disks 35 mg of gelatin- woio added to each ol ten of these and 
dissolved by w aiming the dasks Coloi w^as developed by the Bates 
method wuth the modihcations desciibecl latei Vaiyuig lengthb ol time 

^ Sulhvau ct al (2) montioncd the instability of fico tiyptophane in acid solution 
and suggested piotection by means of an amino acid mixtuio such as occurs in casein 
Doty (3) added gelatin to the assa> mixture w ithout indicating a reason 

- WilsoiTs puie food gelatin, porcino typo This product gave no color test foi 
tiyptophane when tested by the Bates proceduie 
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were allowed f oi color development, after which the solutions were made to 
volume with 50 per cent alcohol as suggested by Dr Bates ^ The light 
transmission was observed m a Lumetron coloiimeter, vith a No M550 
filter (maximum tiansmission 550 mjLt) 

Shaw and McFailane (4) have stated that tryptophane combined in the 
piotein molecule gives moie color vath. p-dimethylaminobenzaldehyde 
than when fiee and that a souice of eiror lies m the use of free tryptophane 
as a standard The evidence suggests that free tryptophane may be 
employed if piotected by a piotem or a mixture of amino acids 


Table I 


Effect of Gelatin on Color Formation in p-Dimethylaminobenzaldehyde-Tryptophane 

Reaction 


Time for color development 

Transmission 

Gelatin, 35 mg 

No gelatin 


per cent 

per cent 

6 

60 0 

62 3 


46 8 

67 0 

15 

46 5 

54 6 

20 

46 7 

54 1 

25 

46 5 

54 5 

30 

46 6 

54 2 

60 

46 9 

54 9 

90 

47 0 

1 62 6 

120 

47 6 

67 2 

150 

i 49 0 

69 1 


Influence of Cystine on Detenmnation of Tryptophane in Pioteins — Orgi- 
nally this method was applied only to casein by Bates who dissolved the 
sample in 0 1 n NH4OH or NaOH Smce some proteins cannot be dis- 
solved in this mannei, it was necessaiy to employ alkaline hydrolysis 
In our first tuals 10 to 20 mg of piotem and 35 mg of gelatin were boiled 
wuth 2 cc of 5 N NaOH for 2 hours After cooling the hydrolysate to room 
tempeiatuie, coloi was developed by the method of Bates ivith 0 2 cc of 
1 25 pel cent NaNOa^ and tryptophane concentiations were read from the 
standard cuive desciibed below 

Under such conditions, the ti3^ptophane content of Labco casein and 0 
cr3 stalhne bovine serum albumin (Annoui) was found to be 1 32 and 0 30 
per cent respectively While tins value foi casein is acceptable, the value 
for serum albumm is lower than that repoited by Brand et al (5) wdio use 
the spectrophotometric deternunation of the isolated mercury compoun 

5 Private coininunication, 1938 
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of toplopliTnc Wlien i longcz time was allowed for color development, 
the ''Crum dbumm \ due w is not mci cased Ilowc^ei, when hydiolysis 
w lb pciformcd with I n ilk lU and the conccutiation of the NaNOa reagent 
w ibUKicibcd to2 percent, in ivei age ^aIuc of 0 57 per cent w^as obtained, 
which igrccd with the vilue 0 5S pci cent ropoitcd by Brand et al 

Ihe iinino icul composition of bovmc albumin as published by Brand 
d al (5) indicates the picsciuc of an unusu illy high piopoition of cystine 
CibCin, winch does not ict iid coloi foimation undei an3'' condition, 3nelds 
1 \ci3’’ smill piopoition of c^^stine 

When o N X lOIl and 1 25 per cent NaNO^ weie used, it was found (Table 
II) that cystine iddcd to casein aftei h3"diol3Sis in the piopoition present 
m boMiie albumin had no effect, but when added pnor to hydrolysis, it 
decreased color foimation C^steme, howevei, deci eased coloi formation 
when added aftei hydrob^sis 


Table II 

Effect of Cystine and Cysteine on Color Deielopmeni with Labco Casein* 

20 mg of casein were hydrolyzed for 3 hours with 5 N NaOfI Color was devel 
oped witl) 0 2 cc of 1 25 per cent NaNOa 


Substance added | 

Time of addition 

Tryptophane found 



per cent 

None 

i 

1 30 

C>fitinD, 1 2 mg 

After hydrolysis 

1 28 

“ 12" 

1 Before 

0 53 

CysteJDO, 1 2 mg 

' After 

t 

! 0 62 


* The values are averages of fcn o trials 


Procedure for Assay — 10 to 20 mg of protein (contain ng 0 1 to 0 4 mg 
of tryptophane) and 35 mg of gelatin are refluxed with 2 cc of 1 n NaOH 
for 2 hours Aftei the mixtuie has cooled to room temperature, to each 
sample are added with agitation 0 5 cc of 2 5 per cent TJ-dimethylairuno- 
benzaldehyde m 10 per cent H2SO4, 0 2 cc of 2 pei cent NaNOa, and 28 cc 
of concentrated HCl The solutions are allow^ed to stand for 30 minutes, 
then diluted with 50 pei cent alcohol to 100 cc , and read m the colorimeter 
A reagent blank, containing all of the above reagents except the unknown 
and treated as described, is set at 100 From the per cent transmission, 
tryptophane concentration is read fiom a standard curve This curve is 
established by means of a series of flasks contaimng 0 to 0 6 mg of tr3’’pto- 
phane and 35 mg of gelatm treated as desenbed The loganthra of the 
per cent transmission plotted against concentration gives a straight line 
The results of tests of the recovery of tryptophane added to proteins prior 
to hydrolysis are shown m Table III 
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Proteins Assayed — Nitiogen determinations aie lepoited on the ash-, 
watei-, and fat-fiee basis 

Casein Labco casein, Lot 10588, mtrogen content 15 6 pei cent 

T\blb III 

Recoiery of Tryptophane Added to Pioteins Pnor to Hydiolyt^is* 

The proteins ^ ere h} drolyzed 2 hours w ith 1 XaOH Color w as develope J \utli 
0 2 cc of 2 per cent NaNOa 0 100 mg of tryptophane added to the proteins 


Protein 

1 Tr>ptophane present 

1 

Trjptophane found 

! Recov eo of 

trj ptophane added 


mg 

mg 

per cent 

Casein 

0 247 

0 348 

i 100 3 

Bovine albumin 

0 116 

0 215 

99 5 


* The figures are averages of four trials 


Table IV 


Tryptophane Contejit of Ayiimal Proteins* 


Protein 

Tryptophane 

Bibliographic 

reference 

Au 

thors 

data 

Literature 


per cent 

per cent 


Casein 

1 32 

1 3,t 1 l,t 1 54, § 1 8,§ 1 24t 

(7-11) 

Beef muscle 

1 26 

1 24,1 1 35,§ 1 2§ 

(8, 12, 10) 

Lactalbumin 

2 35 

2 l,t 2 77, § 2 3,§ 1 9,11 1 8i|l 

(7, 9, 10, 13, 11) 

Beef fibrin i 

4 0 

3 5, 3 51, t 3 7, § 3 56§ 

(15-17, 9) 

Bovine albumin 

0 57 j 

0 5811 

(5) 

Beef serum 

1 55 

1 7§ 

(10) 

Ovalbumin 

1 29 

1 22,t 1 28,** 1 4§ 

(11, IS, 10) 

Wheat gluten 

0 91 

0 93, § 1 0§ 

(9, 10) 

Soy flour 

1 22 

1 0, 1 5§ 

(15, 17) 

protein 

i 1 52 

1 5§ 

(17) 


* Reported on an ash-, ^^ater , fat-free basis The values are averages of four 


determmations 

t Moisture-, ash-fiee basis 
t Moisture -free basis 
§ 16 per cent mtrogen basis 
11 14 2 per cent total nitrogen 
^ 16 07 per cent total mtrogen 
** 15 12 per cent total nitrogen 

Beef muscle Beef shank, \acuum-diied and defatted \\ith benzene, 
nitrogen content 16 2 pei cent 

Bovine albunwi Cn stalline seumi albumin, Armoui, Lot 45, mtiogen 
content 15 8 per cent 
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hbiuiy locialbumiu, nnd beef iicrum The binae samples as previously 
leportccl by this hboritoiy (G) 

Oialbumin \ crjst illine piocluct obtained thiough the couitesy ot Di 
A G Cole, College of .Medicine, University of Illinois, nitiogen content 
1 i 1 per cent 

Wheat gluten Fiom the Puie Gluten Food Company, T^ew York, ni- 
trogen content 112 per cent 

Soy flour {sohcnl-cxhadul) and boy protein (a-) Courtesy of The Glidden 
Comp 1113 % Chic igo, nitrogen content 9 4 and 15 4 pei cent lespectively 

Tryptoph me v lines obt lined b}'- this method foi the piepaiations listed 
ibo\ c irc show n in T iblc IV and the results compaied with those lepoited 
b} otlicr woikeis The agi cement with values fiom the hteiature obtained 
b 3 '' leliablo proceduies ib good 


DISCUSSION 

Ihc Bates method for tryptophane, as modified herein, gives a rapid, 
accurate proceduie foi the colorimetric determination of this ammo acid 
m proteins Routinely, six samples can be assa 3 '’ed m 4 houis 

The original method was applied only to proteins leadil} soluble in 0 1 n 
alkali The method leported heie is applicable to all oidinary piotems 
examined m our laboratoiy, including those which are not soluble in dilute 
alkali 

PaiadoMcall}^ the oiiginal Bates method gi\es values foi some proteins 
which aie too Ingh and foi others too low The high values appeal to 
result from the instabilit 3 of the tiyptophane standard in acid solution 
The low values are due to the effect of i educing substances produced during 
h 3 »'drolysis from excessive cystine m the sample These effects are elim- 
inated by use of the present proceduie 

sumiARY 

A simple, lapid method foi the deterrmnation of tryptophane m pioteins 
is described, involving the use of a modification of the Bates proceduie 

The tiyptophane content of several proteins as determined by this 
method is reported 
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THE EFFECT OF SUCCINIC DEHYDROGENASE ON 
DEUTERIUM-LVBELED SUCCINIC ACID IN THE 
.VBSENCE OF HYDROGEN ACCEPTORS 


LltNLSrO WLLNMVNV,* MARGARLT G MOREHOUSE, 
vsi) RICHARD J WIXZLER 

(/ rom the Dcparlmenl of Diochcmtslnj and Nulrilton, University of Southern 
California School of Ucdicine, Los Angeles) 

(Rcccncd for publication, January 22, 1947) 

It lb now well estibhshcd that the o\idation of metabolites by hving 
cells invohcs the passage of hydiogen or electrons or both along a series of 
oxidation-reduction systems Oxygen enters this chain of leactions only, 
at the terminal steps involving the c^dochrome oxidase system The 
mechanisms by wdiich biological oxidations aie carried out have been 
recently reviewed by Potter (1, 2) and by Ball (3) 

The fundamental type of leaction mvolved in the respiiation cham is 
showm by the relationship 


. dehydrogenase _ . . „ 

Sll 2 4- Acc > P -h AccH. 

Oxidizable Il>drogen Oxidized Reduced 

substrate acceptor product acceptor 

The oxidation of a substrate, thus, is accomplished by the removal of 
hydiogen atoms wdiich pass to a hydrogen acceptor This reaction pro- 
ceeds only in the piesence of enzymes which are usually specific foi the 
substrate and sometimes specific foi the acceptor, such enzymes being 
classed as dehydrogenases 

It IS the purpose of this work to present data beaiing on the problem of 
the mechanism of biological hydiogen transfer For this study succinic 
acid dehydiogenase, an extensively studied enzyme typical of the dehydro- 
genase group, was selected, and use was made of deuterium to label the 
carbon-bound hydiogen atoms of succinic acid 

The reaction catalyzed by succinic acid dehydiogenase is 

HOOC— CHi— CII — COOH -h Acc ^ HOOC— CH=CH— COOH + AccH 

Methylene blue has most fiequently seived as the hydiogen acceptor for 
succinic acid oxidations tn vitro In order to study any direct transfer of 
hydrogen atoms in the above reactions, it would be desiiablf to label the 

* These data are taken from a thesis presented by Ernest 0 Wemniann to the 
Graduate School of the University of Southern California in partial fulfilment 
of the requirements for the degree of Master of Science 
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Results 

The lesults of mcubating deuteiosuccinic acid vnth kidney succmjc 
acid dehydiogenase piepaiations aie sho^^^l in Table I A definite e\ 
change of hydiogen atoms of the solution vaih. the deuteiium atoms of the 
dent erosuccm ate m the absence of enz^nne was found m the controls 
(E\periinents 1 and 4) Howevei, in the piesence of the enzyme prep 
aration, a significant increase m the exchange uas apparent in allex^jen 
ments The piesence of methylene blue had no mfluence on the rate of 
exchange The enzyme activity and mcubation time of the expeiunents 
of Senes I uas such as to bung about the oxidation of 9 5 mg of succinic 
acid This is 5 per cent of the total succinic acid present It is seen that 


Table I 

Exchange of Hydrogen Ions nith Deuterosuccinate 


Senes 

iSfO 

Expcri 
ment No 

Succinic 
acid in 
cubated 

Enzyme 

used 

Activity 

of 

enzyme 

Meth 

ylene 

blue 

Incuba 

tion 

period 

Succinic 

acid 

teco\ ered 

DO m 
combus 
tion 
water 

Per ml 
ei 

choflocd* 



m 

ml 

units per 
ml 

mg 

hrs 

gm 

per cent 


I 

1 

199 

0 


0 

4 

110 

32 8 

3o 

(( 

2 

mm 

lo 

0 158 

0 

4 

160 



(( 

3 

wm 

16 

0 158 

11 

4 

125 


9t 

II 

4 

1S5 

0 

0 135 

0 i 

25 

150 

32 3 

■iH 

(( 

5 

1S5 

25 

0 135 

0 

4 

137 

28 3 


<t 

6 

1S5 

25 

0 135 

0 

S 

143 ! 

26 7 

21 0 

(C 

7 

ISo 

25 1 

0 135 

0 i 

25 

165 1 

16 9 

mm 

It 

S 

1S5 

25 

0 135 

11 

25 

157 : 

17 8 

■i/ ( 

III 

9 

118 

25 

0 237 ! 

0 

31 

79 

3 5 

1 


* Per cent exchanged - .31".% P 0 m combustion ^ 


the loss of deuterium fiom the succinic acid was also of this oidei of 
tude, aftei the exchange m the absence of enzyme is subtracted ^ 
In Senes II, the amount of enz^une and the mcubation time 
creased m oidei to accentuate the exchange The exchange nas 
bj" this procedure up to 50 pei cent of the maximum possible j 

of enzj me and an mcubation time of 25 hours In ExTenment 9 j 
118 mg of deuteiosuccmic acid ueie meubated foi 31 hours mth 
of an enzyme havmg an activity of 0 237, 90 per cent of the deut^^^ f 
atoms of deuteiosuccmic acid was replaced by hydrogen atoms fr^^ | 
solution f 

The late of hydrogen exchange can be loughly compaied with | 
at which succinic acid would be oxidized m the presence of 
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by cikuliting the httoi fiom the enzj^rae activity and the incubation 
time 

Succinite oxidiziblc = enzyme activit} X ml of enzyme X incubation time 

Such i calculation depends upon the assumption that the activity of the 
enzeme is not significintb^ changed cluung the incubation period This 
i^umption w IS \cufied liy testmg foi the rate of methylene blue reduction 
of ‘'Unplcs mcubited undci conditions identical ivith those pievailmg in. 
the expciimcntal incubations Usuall}’' the enzyme activity vas shghtly 
grcitei at the end of 21 houis than at the initiation of the expeximent 
The icsults of making this compauson aic shown in Table II, where it is 
LMclent that the exchange of hydiogen and deiiteiium on the deutero- 


Tvble 11 

Coinpanson bctucen Per Cent Deuleriipn Exchange and Theoreiicol Per Cent of 
Succinate Oxtdiziblc during Incubation Period 


Senes \o 

1 

Experiment No 

Per cent deuterium 
exchange of experiment 
(minus blank exchange) 

Per cent succmic acid 
theoretically oxjduable* 

I 

2 

7 7 

4 8 


3 

5 6 

4 8 

II 

5 

16 0 

7 3 

tt 

6 

19 9 

14 6 

it 

7 

45 3 

45 6 

ft 

S 

! 42 7 

45 6 

in ] 

9 

89 7 

156 0 


* Calculated from the relation, enzyme activity X ml of enzyme X incubation 
time 


succinate pioceeded at essentially the same rate as the oxidation of suc- 
cinate wnuld have piogressed had methylene blue been piesent 

DISCUSSION 

From the data presented it becomes evident that the a- and a'-hydiogen 
atoms of succmic acid will exchange with hydrogen ions of the solution 
under the influence of an enzyme contamed in kidney pieparations Theie 
are several explanations which might account for this effect The most 
likely possibility is the piesence of succmic acid dehydrogenase which 
catalyzes the oxidation of succmic acid to fumanc acid Results m Table 
II show that the percentage of exchange noted is about the same as the 
percentage of succmic acid which could theoretically have been oxidized 
m the indicated period This ggreement supports the hypothesis, which 
we hold, that the same enzyme, succmic acid dehydrogenase, is responsible 
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for both of the following reactions, oxidation of succinate (1) and hydiogen 
exchange (2) 


HOOC— CH.— CHo— COOH + MB 


HOOC— CH— CH— COOH + 2H+ 
D D 


dehydrogenase 

HOOC— CH==CH— COOH + MBH. 
succinic 

( 2 ) 

dehydrogenase 

HOOC— CH—CH— COOH + 2D+ 
H H 


While succinic acid dehydiogenase may thus be consideied the most 
hkely cause of hydiogen exchange, othei possibihties should be considered 
Anothei uni elated enzyme present m the preparation might, for example, 
have catalyzed the exchange 

An exchange of hydiogen atoms of a substiate Avith hydrogen ions of 
the environment is accompanied, of course, bv a dissociation of hydrogen 
atoms into hydrogen ions and elections It thus ^ould appear that 
hydiogen tiansfer m biological oxidations, even beloiv the point at which 
the uon-contammg cytochrome system comes mto play, involves this 
dissociation of substrate hydrogen atoms 

This interpietation is weakened by the fact that a cmde enzyme prep- 
aiation nas used m these expenments and may have contained a naturally 
occurimg mteimediaiy acceptor Such an acceptor might exchange its 
reducible hydiogens with, hydrogen ions, and, being m equihbiium ivith 
the enzyme -succmate complex, could thus lowei the deuterium content of 
the isolated succmic acid This would be m accord vntli the conclusion 
of Erlenmeyer et al (4) who postulated an exchange between hydrogen 
ions and the hydrogen atoms of leucomethylene blue pioduced in the 
oxidation of deuteiosuccinic acid to fumaiate Similarly the enzyme 
might itself contam a reducible piosthetic gioup which could exchange 
hydiogen with the hydiogen ions of the envnonment It is not possible 
fiom the data to diaw conclusions as to Avhethei the obseived exchange 
occurs fiom the enz3rtne*substiate complex, fiom the enzyme prosthetic 
group, 01 fiom a hydrogen acceptor in the crude enzyme piepamtioii It 
IS of mteiest to note m this connection that methylene blue, either in 
large amounts oi m tiaces, did not influence the speed of the hydrogen 
exchange This would support the mterpietation that the mechanism 
of such an exchange depends upon the enzyme only, and is independent 
of any free acceptor 

The data and mterpietation given m this papei aie m accord with the 
theoiy of the mechanism of succmic acid dehydiogenase action advanced 
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b> Pottei uul DuBoib (12) Thebe Nsoikcib suggest that the active center 
of biicciniL and deh^diogcn ise coiibists of i bulfhydryl gioup located 
between the two tubowi ifhnitj points, le between the enzyme groups 
th it bind tlie c iibo\yl gioups of succinic acid The enzyme was visualized 
1*^ functioning h} oscilliting between the noimal sulfhydiyl form and its 
free i ulu il, with clcctioiib passing to the piosthetic gioup of the enz^une 
iiid ludiogen ions pissing into the solution 

bUM\LVH\ 

use of dcutciiuin to ti icc the leaction it has been shown that an 
enz^ me w ill in leiobic illy c it 1I3 ze the exchange of the a- and a'-hydiogen 
atonib of buccinic icid with hydiogen 10ns fiom the solution Rate studies 
suggest tint the ^ime enzyme, bUccinic acid dehychogenase, catalyzes 
this hjdiogen exch inge is well is the dehydiogenation of succinic acid 
to form fumiiic acid 
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brUDIES WITH BVCTERIAL SUCROSE PHOSPHORYLASE 

I lin. MI ClIAMbiM OF VCTION 01 SUCROSE PHOSPHORYLASE AS A 

C.LLCOSl riMNSFERRING LK/YiME (TRANSGLUCOSIDASE)* 

B\ MICH VEL DOUDOROPF, H A BARKER, vnd W Z HASSID 

(/ rom the Dcparlmcnl of Baclcnology and the Division of Plant Nutrition, 
Collajc of igriculturt, Uniiersity of California, Berkeley) 

(Received for publication, February 19, 1947) 

It h I'a been bhown that siiciose phosphorylase piepaiations from Pseu- 
djmonas uicchaiophila citalyze the leveisible leaction between glucose- 
l-pho^phitc intl ceitam ketose sugais This leaction results in the 
foimition of biiciose and analogous disacchaiides together with the lib- 
ciation of inoiganic phosphate (1-5) In the experiments reported heie, it 
was obscivcd tliat wdien glucose-l-phosphate and ladioactive inoiganic 
phosphate aic added to enzyme piepaiations m the absence of ketose 
siigais, aiapid interchange of phosphate occuis beUveen the organic and 
inoiganic fractions 

"Ihis indicated that the enzyme can liberate inoiganic phosphate from 
glucosc-l-phosphate without the pi eduction of an equivalent amount 
of glucose The following reaction was postulated, 

Glucose 1 phosphate + enzyme ^ glucose enzyme + phosphate (1) 

The glucose-enzyme bond piesumably letains the eneigy of the phosphoric 
estei linkage This obscivation suggested that an analogous leaction 
wmuld occui between the enzyme and suciose, with fructose being libeiated 
instead of phosphate, 

Glucose 1 fructoside + enzyme ^ glucose enzyme + fructose (2) 

Reactions (1) and (2) can account for the ability of the enzyme to sub- 
stitute a glycosidic linkage foi a phosphoric ester bond 

The postulated mechanism is strongly supported by expeiiments in 
wdneh viitually phosphate-free enzyme pieparations w^ere found capable 
of synthesizing the suciose analogue, glucosidosorboside, directly fiom 
sucrose and sorbose, 

Glucose-1 fructoside + sorbose glucose 1 sorboside + fructose (3) 

In like manner, sucrose w^as produced from its synthetic analogue, glu- 
cosidoketoxyloside and fructose, 

Glucose 1 keto\yloside -1- fructose ^ glucose-1 fructoside + ketoxylose (4) 


♦Supported m part by a grant from the Corn Industries Research Foundation 
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These lesults show that suciose phosphoiylase not only catalyzes the 
substitution of glycosidic linkages fox a phosphate linkage but al^o causes 
an exchange between equivalent glycosidic linkages 

EXPERIMENTAL 

Feachon between Glucose-1 -phosphate and Enzyme 

The suciose phosphoiylase piepaiation was obtained by methods pie- 
viously desciibed, except that it was lepiecipitated six tunes with 0 63 
saturated ammonium sulfate (6, 2) A dilute solution of the enzyme ivas 
incubated at 30° with 01m potassium glucose-l-phosphate and 0 033 m 
potassium phosphate contaimng Paiallel expeiunents v eie conducted 

m which fructose and glucose weie added sepaiately to the above nuxture 

Table I 


Exchange of between Inorganic Phosphate and Glucose-l-phosphate 


Expenment No 

! 

Reaction mixture 

Radioactivity found in fractions, 
counts p'T mm per micromole 
after 60 min at 30 



Inorganic 

phosphate 

Glucose 1 
phosphate 

1 

0 1m glucose-l-phosphate -j- 0 033 m 
inorganic phosphate 

1098 (±40) 

0 (±1) 

2 

Same as (1) but iMth enzyme prepara- 
tion 

859 (±40) 

119 (±3) 

3 

Same as (2) but with 0 06 m fructose 

886 (±40) 

99 (±3) 

4 

Same as (2) but with 0 12 m glucose 

1096 (±40) 

7 (±1) 


Fructose was used smce it is known to participate m a leversible leaction 
mvolving glucose-l-phosphate and inorganic phosphate, while glucose 
has been previously shown to have a strong mhibitorj'' action on sucrose 
phosphoiylase (6) After incubation, the enzyme was mactivated b> 
boihng, and the morganic phosphate was precipitated as the baiium salt, 
redissolved with acid, and reprecipitated foi analysis The leniainmg 
traces of ladioactive inoigamc phosphate veie lemoved from the solutioa 
of glucose-l-phosphate by repeated additions of moiganic phosphate anc 
its lemoval ivith barium Chemical analyses weie then made on the inor- 
ganic and organic fractions and radioactivity was deteimmed vit ^ 
Geiger countei A control experiment, m i\hich glucose-l-phosphate an 
radioactive moiganic phosphate were incubated together m the absence 
of enzyme, showed that no non-enzymatic exchange occuis between t ese 

compounds epnted 

The results of the expeiiment mth suciose phospborylase are pre 
n Table I No appreciable formation of free glucose from gucos 
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l-plioj?pli ite could bo delected dining the com be of the experiment Su- 
crose w 1 *^ formed iii llic piesence of fnictose, but the late of its foimation 
w IS not detennmed 

Ihc expenment show*^ thil P^- appealed lapidly m the glucose-1- 
phosph’itc fraction, even though x dilute enzyme piepaiation was used 
In the prc'^cnce of fuicto:3e, lesb P^- was found in glucose-l-phosphate 
Ihis lb duo, it leibt in pait, to a dilution of the ladioactive phosphate 
x\ith inicti\e phosplute hbci ited is a lesult of the synthesis of sucrose 
Ihc puncipal rcabon, liowevei, must be the competition of fructose with 
phosphite foi combination Mith glucose 

The picbcncc of glucose almost completely stops the exchange of P^ 
Ihib lb coiibibtent with the obseivation that glucose inhibits phosphoiylase 
icti\it> and suppoits the view that glucose competes with glucose-1- 
phosphxte foi combination with the enzyme 

I nlcrconvcrswn of Ditacchandes in Absence of Phosphate 

In Older to show^ that the enzyme can libeiate fructose fiom sucrose 
without the foimation of eithei free glucose or glucose-l-phosphate, an 
expel iment was devised in which its abihty to pioduce glucosidosoiboside 
from suciose in the absence of glucose-l-phosphate w^as tested To 
picxcnt the accumulation of glucose-l-phosphate m the reaction mixtuies, 
the enzyme prepaiations weie rendered viitually free of inorgamc phos- 
phate The imtial steps of obtammg the enzyme from diied cells of 
Pseudoniona^i sacchai oplnla weie identical with the pieviously desciibed 
method After thiee lepiecipitations of the enzyme with ammonium 
sulfate fiom phosphate buffei, the piotein piecipitate was ledissolved m 
phosphate-free 0 05 M citiate buffei at pH 6 7 containing 0 01 u KCl 
The enzyme was piecipitated with reciystalhzed ammonium sulfate at 
0 03 saturation Aftei three furthei lepiecipitations from citiate buffei, 
earned out ovei a peuod of 2 days, the enzyme was ledissolved in the same 
buffei mixtuie and used m the expeiunents Such pieparations were found 
to letain strong phosphoiylase activity The late of glucosidosoiboside 
foimation is low, legaidless of w^hethei glucose-l-phosphate oi suciose 
IS used as substiate foi the enzyme Foi this leason, the experiments 
were of faiily long duration and a relatively high concentration of enzyme 
had to be used Enzyme preparations from ±1 gm of dry cells were 
used per 20 ml of final experimental solutions As a result, an appreciable 
amount of reducing sugar w^as foimed from sucrose in the course of the 
experiments This phenomenon has been noted previously and is as- 
cnbable to tiaces of inveitase m the piepaiation Less than 10"^ m 
phosphate was found to be present in the final reaction mixtures 

Suciose w^as estimated from the reducing value ob tamed on hydrolysis 
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^^^th mveitase Neither glucosidosorboside nor glucosidoketo\yloside 
IS attacked to an appreciable extent by invertase These compounds, 
therefoie, could be estimated in phosphate-free mixtures from the diffeience 
between leducmg values ob tamed upon hydrolysis with invertase and 
hydiolybis with 0 2 N HCl for 5 minutes at 100° In experiments m uhich 
phosphate was added to the reaction mixture, the glucose-l-phosphate 
which was pioduced was measured as morgamc phosphate released on 
7 minutes hydrolysis with 0 1 N HCl The glucosidosoiboside pioduced m 
experiments conducted in the piesence of phosphate was estimated from 
the diffeience between initial and final reducing sugar values obtained 

Table II 


P)oduciion of Glucosidosorboside fro?n Sucrose 


Expen 

ment 

No 

Additions to enzyme preparation 
(different preparations used for 
E'«periments 1 and 2) 

Time of 
incuba 
tion 
at 30* 

Total sucrose 
disappearing 

Sucrose 

phos 

pho 

rolyzed 

Gluco'ido 

sorboside 

produced 


i 


hrs 

mg per ml 

mg per 
ml 

mg per ml 

1, a 

1 

0 

05 M sucrose 

2 

0 3 (±0 3) 

0 

0 

b 

0 

05 0 14 M sorbose 

2 

2 9 (±0 3) ' 

0 

2 7 (±0 3) 

c 

0 

05^^ 0 14^‘ ** : 

4 I 

4 9 (±0 3) 1 

0 

4 4 (±0 3) 

d 

0 

05“ “ 0 14“ “ 

7 X 10-< M Na2HP04 

2 

3 0 (±0 3) 

0 2 

1 

2 2 (±0 3) 

0 6 (±0 3) 

e 

io 

05 M sucrose, 0 14 m sorbose, 

7 X 10-^ At NajHPOi 

2 

3 7 (±0 3) 

2 4 

2 5 (±0 3) 

f 


05 M sucrose, 0 14 m sorbose, 

7 X 10-3 M Na2HP04 

4 

5 5 (±0 3) 

2 3 

4 6 (±0 3) 

2, a 

0 

06 M sucrose, 0 11 m sorbose 

3 

4 9 (±0 3) 

0 

b 

0 

0 12 M glucose 

3 

0 6 (±0 3) 

0 

0 3 (±0 3) 


on h^diotysis with mveitase and conected for the decrease in reducing 
value due to the foimation of glucose-l-phosphate 

l^Tien suciose and soibose weie added to the enzyme preparations m 
the absence of phosphate, sucrose disappeaied and glucosidosoiboside was 
formed (see Expeiiment 1, Table II) Since at equihbrmm consideraby 
less of the lattei than of the formei vould be expected (3), the rate o 
transfonnation must decrease rapidly m the course of the expenmen 
The imtial rate of conversion must, therefore, be greater than that m ^ 
uas obsen^’ed for the first 2 hours 

The mitial rate of glucosidosoiboside formation by the same enzyme 
preparation could be measured uith a fan degree of acciuacy when g 
1-phosphate was used as substrate in place of sucrose, by determining ^ 
rate of the evolution of morgamc phosphate In the presence o 
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sorbose, ind 0 025 m glucose-l-phosphatc, the initial rate of disacchande 
synlhcaib w \s found to be 3 21 mg pei 2 houis pei ml at 30° At this 
coiiLcntr ilion, glutosc-l-phosph itc is not limiting to the rate of reaction 
When tlie conccnti vtion of glucose- 1 -phosphate was leduced to 0 002 m, 
the initiil rate w is found to be 2 72 mg pei 2 hours per ml , while at 
0 001 M conccnti vtion, the rate ^\as 2 14 mg per 2 houis It can be 
roughl}^ computed from these dvta that with 10“*^ m glucose-l-phosphate 
the rite would be in the neighborhood of 0 06 mg of glusosidosorboside 
formed per 2 hours per ml Since the ma\imum limit of inorganic phos- 
phate present is impuiit}" m the “phosphate-free” reaction mixtures was 
found to be lO*** m, this would be the maximum concentration of glucose- 
l-phosphite winch could be attained Since the obseived late of glu- 
cosidosorboside formation fiom suciose approaches the maximum rate 
of synthesis fiom glucose-l-phosphate, it is clear that the interconversion 
of disacchaiidcs cannot depend on a preliminaiy phosphorolysis and a 
subsequent utilization of the accumulated glucose-l-phosphate 

This view IS fuithei supported b} the fact that the addition of phosphate 
to reaction mixtuies doss not inciease the rate of interconversion of disac- 
chaudes but decreases it This inhibitor^" effect of phosphate is entuely 
in accord wuth the postulated hypothesis for the mechanism of enzyme 
action Not only the phosphate, itself, but also the fiuctose hbeiated 
in the phosphorolysis must compete with sorbose for the enzyme-glucose 
complex 

The hypothesis also requires that glucose will mhibit the conversion of 
sucrose to glucosidosorboside by competing with the glucose poition of the 
sucrose molecule for a position on the enzyme The competition between 
glucose and suciose has already been show n in studies of the phosphoiolytic 
breakdown of sucrose (6) That the rate of interconveision of the 
disaccharides is indeed decreased hy the addition of glucose is demonstrated 
by Experiment 2 (Table II) 

The quantitative discrepancy between the sucrose disappeaiance and 
glucosidosorboside formation in both Experiments 1 and 2 (Table II) is due 
to the formation of reducing sugar, as explained earlier 

Since the direct mterconversion of related disaccharides is obviously a 
reversible process, an experiment w^as devised m which sucrose would be 
produced rather than consumed This was particularly impoitant, since 
the evidence for the identity of the non-i educing disacchande produced 
from sucrose and sorbose was entiiely circumstantial and not based on the 
isolation and identification of the sugar Sucrose, on the other hand, can 
be identified with a fair degree of ceitainty with m\eitase 

A phosphate-free enzyme piepaiation w’^as allowed to act on a mixture 
contaimng 2 pei cent fmetose and 2 per cent a-n-glucosido-iS-D-ketoxyloside 
which had been previously synthesized from glucose-l-phosphate and 
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ketoxylose (5) Sucrose was estunated wuth mvertase and glucosido- 
ketoxyloside by acid hydrolysis m the same mannei as was glucosido- 
sorboside m the previous expeiiments 
After 1 hour of incubation at 30°, 2 5 (±0 3) mg of sucrose weie formed 
per ml and a total of 4 8 (dbO 3) mg per ml was found after 3 hours 
Approximately equivalent amounts of glucosidoketoxjloside disappeared 
The initially obsen^ed rate of sucrose synthesis was found to be less than 
half of the maximum late observed ivhen glucose-l-phosphate was used as 
substrate m place of glucosidoketoxyloside in the presence of fructose 
Since the leveisible reaction between glucose-l-phosphate and ketoxylose 
15 know n to be slow (3) , it may be inf ei red that the rate of decomposition of 
glucosidoketoxyloside lather than the late of suciose synthesis limited the 
total rate of interconversion of the disacchandes 

niscussioN 

Theie can be no doubt that both the phenomena of isotope exchange 
between inoiganic and orgamc phosphate and the interconveision of di- 
sacchandes in the absence of phosphate aie due to one and the same 
enzyme, which has been called “suciose phosphoiylase/* if the following 
considerations aie taken into account (1) Both piocesses aie earned out 
vigoiously by suciose phosphoiylase prepaiations winch are virtually 
devoid of most other enzymes (2) Both reactions are inhibited by glucose 

(3) Most sigmhcantly, the piesence of phosphate depresses the rate of 
interconversion of disacchandes, mdicatmg that phosphate competes wuth 
' the ketoses foi the enzyme which catalyzes this piocess 

It appeals, then, that the r61e of the enzyme is to combme leversiblv 
with the glucose lesidue of glucose-l-phosphate oi of those disacchandes 
which can act as substrates, and to lelease the estenfied phosphate or 
glycosidically bound sugai The enzyme-glucose complex must letam the 
eneigy of the phosphate or glycosidic bond The suciose phosphoiylase 
may, theiefoie, be consideied as a glucose-tiansfening S3^stem w^hich can 
leact with a lather lemaikable vanety of substiates In addition to re- 
acting wuth phosphate and carbonyl gioups of ceitam ketoses, the enz^e 
has been found to catalyze the addition of glucose to the secondary alco o ic 
group of at least one aldose (7) 

The reversible phosphoiolysis of suciose can now be mterprete as con 
sistmg of the foUowmg set of leactions 

Glucose4-fructoside + enzyme ^ glucose-enzyme 

(sucrose) 


I db phosphate 

glucose-l-phosphate + enzynm 
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Ihc duett lulcrtoiuci-ion of disacchaiides may bo illustiated by the pro- 
duction of biiLiote fioni gUicofaidoketoxyloside 


GIulo^l 1 kctox^losule 4- enz\inc 


zb kctoxyloso 


glucose enzyme 


db fructose 


glucose 1 fructoside + enzyme 
(sucrose) 

Ihe (Icmonsti ilion tint the tccumulation of glucose-l-phosphate is not 
nccc^sarj foi the comer&ion of disacchaiicles does not pieclude the possi- 
bility that phosphite does entci into the enzymatic leaction, possibly as a 
fiimly bound coenzyme It is impossible to tell whether the protem itself 
transfeis the ‘^eneigy-iich glucose” or y hethei a coenzyme y hich is closely 
associited yith the piotein is involved It is possible, foi mstance, to 
Msuihze a ciibohydiate lesidue which would be diiectly concerned with 
the glucOfcC ti insfci and would act as a glucose-cai lying coenzy^me 

The diicct exchange of glycosidic linlvages has been observed wnth othei 
bicterial enzymes and discussed m pievious papeis (8, 9) Thus, neither 
the pioduction of dextian nor of levan fiom suciose lequiies the accumula- 
tion of phosphoiic esteis The enzymes w^hich catalyze these leactions 
appear simply to exchange a glucosidofmctoside linkage for a 1 6-gluco- 
sidoglucose bond in one case oi for a 2 6-fructosidofructose bond in the 
other 

Suciose phosphoiylase seems to belong to the same class of enzymes, 
although it has the additional powei to attack the phosphate bond It is 
quite possible that the bettei knowm phosphoiylases which aie mvolved in 
the synthesis of staich and glycogen are essentially similai in their mode of 
action Since the transfei of glucose may be compaied to the well known 
transmethylation and tiansamination reactions, as w^ell as to the transfer 
of hydrogen atoms in biological oxidations, it w^ould seem appiopiiate to 
considei suciose phospoiylase as a “tiansglucosidase ” The general type 
of enzyme mvolved in the exchange of glvcosidic bonds might then be called 
“transglycosidase ” 

It is quite possible that the pioduction of many chsacchandes and poly- 
sacchandes in plant and animal tissues may depend on transfeis of “energy- 
rich” sugai residues without the mtei mediate accumulation of phosphonc 
esters (9) The lemarkable x^eisatihty of the sucrose phosphoiylase sug- 
gests that one and the same enzyme might, m some cases, account for the 
fonnation of a number of different compounds 

The direct symthesis of suciose fiom glucosidoketoxyloside adds a third 
mechamsm of biological synthesis of sucrose to those aheady studied m our 
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laboratory (1, 8) It is, m iealit> , but a variant of the mechanism postu- 
lated from the mdirect evidence of the leversible nature of levan synthesis 

The strong competition of glucose with both glucose-l-phosphate and 
suciose would indicate that the carbonyl atom of glucose is not greatly 
involved in the affinity of suciose phosphoiylase for the glucose portion of 
these compounds Unpublished experiments have shovn that xylose, 
xylose-l-phosphate, arabmose, galactose, and galactose-l-phosphate have 
a veiy much weakei inhibitory action on suciose phosphoiylase than does 
glucose It seems piobable, theiefore, that the alcohohc groups au ay fiom 
the carbonyl group, possibly together vnth the pyranose img structure, are 
impoitant in determimng the specificity of enzyme-substrate combination 

SUMMARY 

1 A lapid exchange of was found to occur between morgamc phos- 
phate and glucose-l-phosphate m the presence of sucrose phosphoiylase of 
Pseudomonas saccharophila and m the absence of ketose sugars 

2 Virtually phosphate-free piepaiations of sucrose phosphorylase were 
found capable of mtei converting suciose and its analogue, glucosido- 
sorboside 

3 By applymg the same principle, suciose w^as synthesized diiectly fiom 
glucosidoketoxyloside and fmctose mth the aid of the enzj^me 

4 Sucrose phosphorylase may be considered as a versatile ^'trans- 
glucosidase,’’ repiesentmg a class of enzymes which may be lefeiied to as 
“transglycosidases ’’ 
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STUDIFtD WI ril B VCTERIAL SUCROSE PHOSPHORYLASE 

II LN/AM vnc S\NTIirSIS OF A NEW REDUCING AND OF A NEW 

NON REDUCLNG DISACCHARIDE* 
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(F Tom the Department of Bacteriology and the Division of Plant Nutrition, 
College of Agrtcullurc, Uniiersity of California, Berkeley) 
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III addition to suciose, which has been synthesized by the reaction 
bct\\cen glucosc-l-phosphate and fiuctose under the influence of “sucrose 
phospIior 3 dasc’’ from Pseudomonas saccharophila, two new sucrose ana- 
logues have been picpared by the use of the same enzyme (1-4) In these 
disicchandes, L-soibose and n-ketoxylose, respectively, i\ere substituted 
for D-fructosc 

In the piesent studies, a survey of a number of other compounds was 
undertaken to determine ivliethei they could be used as substrates for the 
cnz 3 mie In the couise of these studies, not only i\as a new analogue of 
sucrose, a-n-glucosido-L-ketoaiabinoside, prepaied, but also a new reduemg 
disacthaiide, 3-(a-n-glucosido)-L-arabmose The remarkable dissumlaii- 
ties in structure of the i educing and the non-i educing disacchandes at first 
made it seem unlikely that one and the same enzyme could catalyze the 
synthesis of both The experimental evidence strongly indicates that 
sucrose phosphorylase is involved m the pioduction of both sugars, a fact 
which poses interesting problems concerning the general nature of enzyme 
specificity 


EXPERIMENTAL 

Methods 

The sucrose phosphorylase preparations weie obtained from dry cells of 
Pseudomonas saccha) ophila by methods previously described (5, 1) Glu- 
cose-l-phosphate was prepared by the phosphorolysis of staich mth potato 
phosphoi^lase Maltose-l-phosphate, n-xylose-1 -phosphate, and galac- 
tose-l-phosphate were synthesized chemically (6) Of the synthetic sugars 
usedintheexpenments, L-fructosev as kindly supplied by Di M Wolfrom, 
D-mannoheptulose by Dr C S Hudson, and n-nbose by Dr J W Foster 
of Merck and Company 

To obtam crude preparations of ketopentoses, the correspondmg aldose 

* Supported in part by a grant from the Corn Industries Research Foundation 
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sugais v,eie autoclaved m the piesence of phosphate buffeis at or near 
neutiahty Aftei passage thiough ion exchange columns to lemove the 
added phosphates and acidic pioducts of the leaction, the lesidual aldose 
\\as, in some cases, laigely lemo^ ed fiom the ciude syiup by the addition of 
alcohol and crystallization at low tempeiature This method had been 
used pieviously in our laboiatoiy to prepaie crude n-ketoxjlose from 
D-xylose (4), and ciystallme n-tagatose fiom galactose 
In the eailier studies it was thought that only the coi responding Letose 
was pioduced fiom its aldose analogue Hovevei, it became apparent 
that, at least in the case of pentoses, a furthei leaiiangement occurs, in- 
volvmg the po^^ition of the hydioxyl on the 3id caibon atom, so that at 
least tiio ketose sugais can be deiived fiom a single aldose Thus, the 
syrup obtamed aftei autoclaving n-arabmose was shmin to contain n-ke- 
toxy lose This became evident when suci ose phosphorylase ivas alloi\ ed to 
act on such a symp m the piesence of glucose-l-phosphate The resulting 
disacchaiide was identified as n-glucosido-n-ketoxyloside (see below) 
The foimation of n-ketoaiabmose fiom L-aiabinose was proved m a similar 
wa3^ by the isolation of glucosido-L-ketoaiabmoside after the enzymatic 
condensation of glucose-l-phospbate with the enolized products of L-aiabi- 
nose Identical chemical changes vould be expected m the n and h 
isomeis of the aldose vhen heated imdei identical conditions uith phos- 
phate This expectation i\ as suppoi ted by the obsei vation that changes in 
optical lotation which occuiied in heated solutions of n- and L-arabinose 
were quantitatively equal, but opposite m sign From this, it may be 
concluded that both D-ketoxylose and n-ketoaiabmose weie foimed from 
n-aiabmose, even though only n-ketoxylose was demonstrated diiectly 
Similaily, both of the L-ketopentoses are piobably foimed fiom L-aiabmose, 
even though only L-ketoaiabmose was positively identified Ketose de- 
iivatives vere piepared fiom n- and n-aiabmose, n-lyxose, n-iibose, 
L-fucose, and L-ihamnose by autoclaving ivith phosphate 

Solutions of crude dihydioxyacetone and erythrulose were piepare 
from gtyceiol and eiythiytol, lespectively, by the action of 
suboxydans The bacteiia v^eie giovn in well aerated cultuie me a 
containing yeast extiact, phosphate, and the homologous substra es 
They uere hai vested by centrifugation, washed, and resuspended in one 
fourth the oiigmal volume of a medium contaimng 6 per cent of t e su 
strate, small amounts of NHiCl, MgSO^ , phosphate buffer, and an excels o 
CaCOa These cultuies weie meubated uith aeiation until the 
reduemg value due to ketose formation had ceased They 
freed of bacteria by centrifugation and passed thiough ion e\c 
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column^ to iomo\o inoi[];mic siltb ind acidic piodvicts of bacteiial 
met ibolifein 

V *3ohition ol till iiiosc w is piepiicd by mild acid hydrolysis of mele- 
zitObC followed b^ pifcbigo lluough loii exchenge columns and the lemoval 
of the hber ited glucose by lei men! ition w ith w ashed cells of Toi ida monosa 

V mixluie of shoit clniu fiuctose polymeis was made fiom dialyzed and 
ilcohol-piccipit ited levin pioduced b} Bacillus sublihs fiom suciose (7) 
Ihrcc eqiiil poitioiis of i 10 pei cent levan solution weie treated with 
0 I X IICl it 37® foi 1, 2, and 1 houis, lespectively, mixed, and passed 
thiough ion oAch ingc columns The libeiated fiuctose w^as lemoved hy 
fcimcnt ition with washed cells of Toiula monosa The lesulting pioduct 
h id i reducing \aliie ippioximating 25 pci cent of that obtained on com- 
plete icid hjdiolysis, ind piesumibly contained fiuctosans having the 
2,G link ige 

The reaction between glucose-l-phosphate and vauous sugais w^as tested 
l)y adding the tw o components to an enzyme pieparation and measuring the 
liberation of inoiganic phosphate (2, 5) Inoigamc phosphate pioduced 
m a control, in wOiich only glucose-1 -phosphate was added to the enzyme 
preparation, was subtiacted, to allow foi phosphatase activit}', which, 
though slight, was detectable m all piepaiations The leaction betw^een 
analogues of glucose-l -phosphate and fructose was tested m the same 
mannei ^^^len possible, the changes in reducing value of reaction mixtuies 
were also dcteimined to establish whether a reducing oi non-i educing 
disacchaiide w^as pioduced 

Subslitutions fo) Glucose-1 -phosphate — ^No enzymatic leaction whatever 
could be obsei\ ed between o-xylose-l-phosphatc oi D-galactose-l-phosphate 
and fiuctose, the evolution of inoigamc phosphate being identical with that 
in D-friictose-free contiols 

AVith maltose-l-phosphate, the addition of n-fiuctose to the leaction 
mixtuie caused a slightly gieatei production of phosphate than that 
observed m the contiol This reaction, howwer, was so slow that it was 
impossible to estabhsh whethei maltose-l-phosphate itself was mvohed 
in a duect condensation with fiuctose This w^as especially true, since 
glucose-l-phosphate may have been piesent as an impunty in the maltose 
phosphate oi have been produced by the slow hydrolysis of the maltose 
linkage by the enzyme piepaiation 

That melibiose-l-phosphate cannot leact with fructose was shown by the 
inabihty of the enzyme to phosphoiolyze laffinose 

Formation of n-Glucosido-jy-lieioxyloside — The piepaiation and properties 
of crystalline a-n-glucosido-z^-n-ketoxyloside has already been described in 
detail (4) The emde syrup contaimng n-ketoxylose, which had been used 
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foi the first synthesis, had been made by autoclavmg n-xylose in the 
presence of phosphate and partially removing the parent sugar by 
ciystallization ^ 

No leaction whatever could be observed when n-arabinose ^^as added to 
glucose** 1 -phosphate and enzyme Wh en, however , solutions of n-arabinose 

were enohzed with phosphate, the resultmg mixture of sugars caused a 
significant production of morgamc phosphate from glucose-l-phosphate, 
accompanied by a decrease in the total reducing value To identify the 
disacchaiide produced in this reaction, tbe expeiiment was earned out on a 
large scale and the pioduct isolated in crystalline form 15 5 gm of syrup 
^^ele piepaied by autoclaving n-aiabmose with phosphate, passing the 
solution through ion exchange columns, concentrating it %n vacuo^ and 
removing a large portion of unconverted D-arabinose hy crystallization m 
the cold This syiup was allowed to leact with 33 gm of glucose-l- 
phosphate and an enzyme preparation from 3 gm of diy cells of Pseudo- 
monas sacchai oplnla The mixture vas meubated toi 12 hours at 37° and 
pH 7 5 in the presence of 0 1 ]M barium acetate The reaction mixtuie iias 
then treated in the manner previously desciibeU (4), the leducmg sugars 
being removed by extraction of then osazone derivatives ith ethyl acetate 
\ yield of 0 435 gm of crystalhne non-reducing disaccharide was obtained 
in this reaction Tins disacchaiide was proved to be identical vuth the 
pieviouslv described a-n-glucosido-jS-D-ketoxyloside “ 

The identification of the synthetic sugar as a ketoxyloside pioves that 
D-ketoxylose is foimed fiom D-arabmose upon treatment with phosphate 
at lugh temperature All attempts to demonstrate the formation of a 
ketoaiabinoside veie unsuccessful Since n-ketoaiabinose was probablv 
present in the reaction mixture (see the discussion above), the negative 
e\adence indicates that this sugar cannot function as a glucose acceptor 
with this enzvme ^ 

^ It \\ ould be evpected that d Iy\ose, like D-\ylose, ould yield D'keto\> lose after 
similar treatment A solution of d ly\ose \\ as autoclaved with phosphate buffer a 
pH 7 0, passed through ion exchange columns, and added to a mixture of phos 
phorylaae and glucose 1-phosphate There resulted a rapid liberation of phosp i*! o 
\shich ^^as comparable to that described in experiments with the syrup obtained from 
D-xjlose D-Ljxose, itself, like d xylose, was inactive 

- Identical specific rotation before and after hydrolysis, identical x ray 
pattern, ketoxylose component identified as the osazone upon hydrolysis o 
disaccharide and removal of glucose by fermentation . i, 

3 The close relationship between d arabmose and n-ribose would sugges^ 
identical ketose derivatives would be obtained from the two sugars on heatiiio ij 
phosphate When D-nbose was thus treated and the resultmg 
substrate for the enzyme, a rapid evolution of phosphate from glucose 1 pios 
was observed, presumably owing to the formation of glucosidokefoxylosi ® ^ 

addition of untreated d nbose, unlike that of D-arabmose, resulted in a ver 
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Enzymahc Synthesis of Rtdncing Dtsaccharide, S-{a-D-Glucostdoyi^ 
ara/n/ioic—hincc ill of the picviously studied condens'ition reactions 
catilj/cd by suciosc phosphoi^dase involve the reaction of glucose-1- 
phosph itc or v '^uit ible dibactharide with a ketose, it was sui prising to find 
th it the ulditiou of L-arabinosc, an aldose sugai, to enzyme pieparations 
iC'^uUed in i lelxtivcly slow but continued evolution of phosphate from 
gIutO'!>e-l-pho‘5ph ite Instead of a decrease m reducing value, such as had 
been obbCi ved in the foimation of suciose analogues, an increase in reduemg 
\ due M lb ob*'cr\cd in the reaction nith L-arabinose 
Ihe cblim ition of glucose in the reaction mixtuies by fermentation with 
Toi ula vionosa show ed that the obsen^ed increase in reducing value was not 
ictountcd foi by my direct oi indirect pioduction of glucose fiom glucose-1- 
phosjih lie, nor was there an> evidence of easily hydrolyzable non-reduemg 
disicch Hide unong the products of the reaction 
lo dctcimine what compound was foniied in the condensation, a mixture 
ofL-ii ibinose ind glucosc-l-phosphate was incubated in the presence of the 
enzyme Ihe unused glucose-l-phosphate was lemoved by precipitation 
with alcohol, and the unused L-aiabmose by fermentation with a selected 
strain of Eschencliia coh The removal by extraction of its osazone 
derivative w as piecluded by the leducmg natuie of the synthesized product 
Vftci passage through ion exchange columns and concentiation of the 
solution in yacuo, the remaining sugar w^as crystallized from alcohol This 
w as found to be a reducing disaccharide, D-glucosido-L-arabmose Unlike 
the sucrose analogues pieviously prepared wnth the aid of the enzyme, the 
new sugai is not easily hydrolyzed with acid and does not give the ‘‘Raybin” 
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production of phosphate This reaction was too weak, however, to deternune 
whether the ribose itself was involved, since the quantity of the sugar available was 
small and its purity was not established 

^ A complete description of the method of preparation, study of the structure, and 
properties of the new disaccharide will be published elsewhere 
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reaction diazouracil chaiacteristic of the sucrose linkage A study of 
its derivatives indicates that its stinictuie is 3-(a-D-glucosido)-L-aiabmose 
mth both the hexose and the pentose units in the pyranose (sivmembered 
nng) form The foimula may be mitten as in (I) 

It seemed exceptional foi a smgle enzyme to catalyze two such diverse 
leactions as that involving the 2nd (caibonyl) carbon of a ketose on the one 
hand, and the 3id (alcohol) caibon of an aldose, on the other It was, 
theiefore, necessaiy to eliminate the possibihty that the enyzme prepara- 
tions rmght contam two diffeient phosphorolytic enzymes ivhich cany 
out the tw 0 leactions 

That suciose phosphoiylase is involved mthe leactionwuth L-arabmose 
w as established beyond reasonable doubt by the followang experiment 

Tvblb I 

Initial Rate of Inorganic Phosphate Production from Glucose A -phosphate in Presence 
of Sucrose Phosphonjlase upon Addition of Fructose and Arabinose 
Dilute enzyme preparation incubated with 01 m glucose-l-phosphate with the 
additions indicated below at 30° 


•\dditions 

Rate of total evolution of 
phosphate micromole^ 
per ml per hr 

m/4 h arabinose 

2 1 (±0 2) 

m/ 64: D~fructose 

3 1 (±0 2) 

m/ 64 + ^i/4 L arabinose 

4 1 (±0 2) 

m/4 

9 7 (±0 2) 

m/4 “ + m/ 4 L-arabinose 

8 6 (±0 2) 


D-Fiuctose and L-aiabmose were added separately and m combmation 
to samples of a solution contammg glucose-l-phosphate and enzyme 
The D-fmetose concentiations w eie so selected as to give the maximum rate 
of suciose fonnation, in one case, and a lowei rate, m which the n-fructose 
concentiation w as the hmitmg f actoi , in the other The total imtial late of 
phosphate evolution w^as measured m each case The results are piesented 
m Table I 

It IS appaient that, w^hen L-aiabmose is added to a mixtuie m which the 
D-fiuctose concentration is msuflScient to allow the maximum late o 
reaction, an mciease m the total utihzation of glucose-l-phosphate le^aiilts 
The same amount of L-aiabinose, howevei, when added to a mixture 
in which the n-fmetose concentration is not limiting, causes a deciease m 
the total rate of phosphate evolution This mdicates cleaily that bo i 
D-fructose and L-aiabmose are competing for the same enyzme 

Additional eindence that the same enzyme is involved m leactious ^ 
both D-fructose and L-aiabmose ma}^ be summanzed as follows (1) 
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cnzjmc c it ll^ 7in[5 both u ittioiib ib pi educed to a luaiked extent when 
bucrohc lb iibcd lb bubbti lie loi the giowth of the oiganisms, but not when 
D-glurobC 01 r-u ibiiiobo ib Ubul (2) Ihe lehtive lateb of leaction with 
D-fnictobO uid i-uibuiobc, icbpectively, icmam constant aftei partial 
inictn ition b\ he it (*-00 ial)le II) (3) In the piepaiation and partial 
puufic itiou of phobphoiyl ISC fioni the ciude extiact of diied cells, the 
relitne ritcb of rt iitioii with D-fiuctosc and L-aiibinose lemain constant, 
although the total ictiMtv tow iids both is consideiably decieased and 
man} other cnzyincb iie dcstioycd 01 lemoved (4) On fiactionation of 
the cn7}mc picp 11 ition with immonium sulfate (33 to 40 pei cent satura- 
tion, 10 to 15 pel cent s itui ition, 45 to 63 pei cent satuiation), the relative 
ictivitiCb of the thiec fi ictionb aie the simo foi both sugais 

Tvbll II 

Ejjcct of \ aiious 1 ruituicnl'i of Surroi^t PhobphonjlasG Preparations on Initial Rale 
iff Inorganic Pho'iphnic I oniialion fiom Glucose 1 phosphate in Presence 
of 1 riictosc and of l [rabinosCj Respecliicly 



W ith fructose 

With arabinose 

1 

I Iiiilml rem lining iftcr iit itiiig it 55-56° for 6 

nun , % 

63 (±2) 

65 (±3) 

2 Initial nttivil> of drj coll e\tnict remiinung after par 
tial jiunfication of prep iration by repe ited pre 
Lipitations, % 

27 (±2) 

26 (±2) 

3 lotdl recovered activity of preparation appearing in 
fractionb precipitated \\ith (XH4) SO4, % 

(a) 0 33-0 40 situr ition 

36 (±2) 

1 

38 (±2) 

(6) 0 10-0 45 

' 44 (±2) 

42 (±2) 

(c) 0 45-0 03 

20 C±2) 

20 (±2) 


The above consideiations indicate not only that the same enzyme is in- 
volved m both reactions, but also that no additional enzyme is required foi 
the formation of D-glucosido-L-ai abinose Techmeal difficulties have made 
it impossible so fai to deteimine the equihbnum constant foi the leaction, 
D-glucose-l-phosphate + L-ai abinose n-glucosido-L-ai abinose + m- 

oigamc phosphate The pnncipal difficulty is that the reaction becomes 
exceedingly slow as the L-ai abinose concentiation deci eases 01 when con- 
siderable inorgamc phosphate is produced fiom glucose-l-phosphate 
Fiom a few expeiiments it is appaient that the equihbnum may be veiy 
much fuithei to the light than that foi suciose synthesis The reaction 
fiom right to left is extiemely slow", it is necessary to use relatively large 
amounts of synthetic disacchande and inorgamc phosphate to detect the 
reaction at all 
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Synthesis of a-jy-Glitcostdo-fi-'L-Leioai abinoside — ^When enolized L-arabi- 
nose ^^as tested as substiate foi sucrose phosphorylase activitj’’, it became 
appaient that a reaction different liom that observed with L-aiabmose takes 
place 

The L-arabmose was autoclaved in the piesence of phosphate and the 
lesultmg solution was treated accoiding to the methods aliead^'” descnbed 
to lemove moiganic salts and as much of the paient sugar as possible 

^^Tien the lesulting S 3 uaip w^as added to the enzyme piepaiation togethei 
with gliicose-l-phosphate, an evolution of moigamc phosphate was ob- 
seived Although the initial rate of leaction appealed to be approxiroately 
equal to that obsei^ved with L-arabmose, the phosphate pioduction soon 
stopped, indicating that an eqiuhbiium condition had been reached, as m 
the case of n-fructose, L-soibose, and L-keto\ylose (2, 5) ® Instead of an 
mciease m i educing value such as had been observed with L-arabinose, a 
deciease w as noted m the reaction wnth the enohzed syrup To obtain the 
disaccharide in puie foim, the same geneial pioceduie w^as used as that 
descnbed for the isolation of glucosido-n-ketox^doside, except that n-arabn 
nose was used m place of n-xylose and n-aiabmose About 800 mg of 
non-reducing, easily hydiolyzable ciystalhne disacchande were thus 
ob tamed On hydiolysis, the sugar w^as showm to yield D-glucose and 
L-ketoaiabmose, which w as identified thx ough its osazone denvative This 
disacchande, like the othei suciose analogues prepared wnth the phos- 
phoiylase, gave the Raybm leaction The disacchande may be assumed 
to be a-D-glucosido-/?-L“ketoaiabmoside and to have the structure shown 
m (II) The purity of the isolated compound indicates that no n-gluco 
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sido-L-ketoxjdoside is foimed in the leaction Since ketoxylose ma} be 
assumed to be present in the enohzed S 3 Tup on the basis of the ear le 

5 Unfortunately, it has been impossible to determine the equilibrium 
the reaction, since the relative amounts of the various sugars m the cru 
cannot yet be determined 
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oxpouuiolU, it bceins likely tint the h isomei of this compound is not a 
Mut iblt Mihbti ite foi the enzyme 

luaclwn with Olht} Caihohydiatcs — In expeiimcnts outlined above and 
lopoitul ])ie\ioush (5), it hib been shown that the following sugais and 
(hen (ieii\ iti\ob do not bhow my icictiou with glucosc-l-phosphatc in the 
pu^ciue ()l biuio'^c phosphoiylase D-glucose, D-mannose, D-galactose, 
fiiutos -(» phobphalc, fiuctobc-l ,G-diphosphatc, D-aiabinose, D-\ylose, and 
D-lwo'^e Ihe leutiou with D-iibose is doubtful and at best veiy weak 
In iddition, theic ib btiong ciicumstantial e\idence that neithei D-keto- 
11 ibinost. noi L-keto\}lose ib i suitable substiate foi the enzyme Ihe 
lollowing c uboludiites wcie ilso tiled and showed no inciease m phos- 
phite libeiatioii fiom glucose-l-phosphate D-tagatose, L-fiuctose, d- 
m mnoheptulobc, L-fucosc, L-ih imnose, degiadcd levan, and tuianose 
4 he non-ie ictivity of tuiinose was also shown by the inability of the 
cn/^ine to phobphorolyzc melezitobe 

Wlien I -ih unnose ind L-fucose weie autoclaved in phosphate buffer 
ind \ddcd to ini\tuics of phosphoiylase and glucose-l-phosphate, a slight 
rc iction w ib obscivcd with the formei and a rathei pronounced pioduction 
of inoiganic phosphate with the lattei It seems most likely that methyl- 
kelopentoscs wcie produced by enohzation of the methyl aldopentoses and 
th it such a compound deuved fiom fucose was leadily utilized as substiate 
Ihe expcncncc with d- and L-aiabinose shows that, at least in some cases, 
moie than one ketose may be foimed by such tieatment of an aldose 
While it miy, theicfoie, be postulated that the product oi pioducts of 
condensation of enohzcd methyl pentoses aie glucosidomethylketopentoside 
inalogucs of suciose, then tiue composition is not yet known and can only 
be established b}^ then isolation in pure foim 

When ciude dihydio\yacetone and eiythiulose piepaiations were used 
as substiates, a vciy slow evolution of inorganic phosphate from glucose- 
l-phosphate was observed It could not be established, howevei, that this 
was due to phosphor^ lase activity, since the compounds aie veiy active 
chemically and appeared to act on glucose-l-phosphate e\en m the absence 
ot enzyme On prolonged incubation, and paiticulaily on heating, mi\- 
tuies of these sugars with glucose-l-phosphate become acid and show the 
presence of inoiganic phosphate The shght increase in phosphate pro- 
duction with the enzyme may w’ell be due eithei to the diiect intei action of 
the ketoses with glucose-l-phosphate or to the indiiect effect of pH changes 
on the phosphatase activity of the preparations 

DISCUSSION 

It has been shown that sucrose phosphorylase may be regarded as a 
“tiansglucosidase,” w^hich catalyzes the tiansfer of ‘‘glucose” to a vaiiety 
of acceptors (8) The enzyme appears to be very specific wuth regard to 
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the glucose poition of its substiates The “glucose acceptors,” hoivever, 
show a consideiable dnersity of stmcture feo fai, three tjTies can be 

T\ble III 


ReacUons with Glucose-1 ^phosphate iji Presence of ^Sucrose Phosphonjlase 


Class 

Compound:, reacting (inorganic 
phosphate e\ohed from 
gluco e 1 phosphate) 

Compounds showing no reaction 
or doubtful reaction* 

Ketotnose 


Dihydroxyacetonet 

Ketotetrose 


Erj thrulosej 

\ldopentoses 


D -Xylose 
d-Lj xose 

D-RiboseJ 


L-Arabinose 

B- \rabinose 

Ketopentoses 

D'Ketoxylose 

L-Ketoxylose^§ 


n-Ketoarabinose 

D-Ketoarabinose^§ 

!Methjl pentoses 

Undetermined methyl 

n-Fucose 


ketopentosell 

L-Rhamnose 

Aldohexoses 


D-Glucose 

D-^Iannose 

D-Galactose 

Ketohexoses 

n-Fructose 

L-Sorbose 

n-Fructose 

D-Tagatose 

D-^Iannoheptulose 

Fructose deruatives 

i 

1 

Fructose-6 phosphate 
Fructose-1,6 diphoisphnte 
Turanose (3-(glucosido)-i> frut 
tose) 

Degraded levana (6-(fructo 
sido)-D-fructose and pol>- 
mers) 


* Xo reactioa recorded when phosphate evolution from glucose-l phosphate m 
presence of m/6 substrate falls within the experimental error of the deternunatiott 
and IS less than 1 per cent of the rate with fructose , 

t Verj slight e\ olution of phosphate observed but cannot be directly attri u c 
to phosphorylase 

t Apparent slight reaction, but purit> of n-ribose not certain 
§ Circumstantial evidence only that these sugars do not react based on iso 
of pure glucosido-D'ketoxyloside from phosphate-treated n arabinose an o S 
sido-L ketoarabinoside from phosphate-treated n-arabmose 
11 Phosphate treated L-fucose 

distinguished (1) moigamc phosphate, (2) ketose sugars, (3) 
sugar, irarabinose 

Phosphate, which appears to be the best acceptor for the 
glucose,’’ IS quite different from both of the other types in size an s 
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Ihc ibiliU of tho enzyme to iibe aiseiuite m place of phosphate has not yet 
been tested 

It seems ippiopiiate at tins point to compaie the vaiious sugars which 
can be substituted foi the phosphate gioup of glucose-l-phosphate to see 
what fe itines they may h u e m common (Table III) n 

Ihe ketoses which can ict as glucose acceptors ha\e a general stiiic- 
tiu \I similaut\ , but theie aie ccitain exceptions which make it impossible 
to define ewitly the stuictuial specificity which makes them suitable sub- 
stiates foi the enzjmc 

It IS ob\ lous that huge ladicals attached to the ketoses may make them 
unsuitable as substiates Thus, the phosphate ladicals of the fructose 
phosphates, as w ell as the sugais glycosidically bound to fructose m turanose 
and degi uled levulan, pievent the fructose fiom leactmg, even though in 
some of these compounds tho fiuctose is known to exist m the furanose 
foim 

A geneial foimula foi the fiist thiee disacchaiides synthesized wath the 
ud of the enzyme may be written as indicated (III) In suciose, R is a 


CH OH 




hydrogen atom, while R' is a primaiy alcohol group In D-glucosido-a-L- 
sorboside, R is a pximaiy alcohol gioup, while R' is a hydrogen atom 
In glucosido-j3-D-ketoxyloside, both R and R' aie hydrogen atoms 
The formula of the new non-reduemg disacchaiide, glucosido-/3-L-keto- 
aiabinoside may be lepiesented as in (IV) It w ill be seen that this differs 

CH2OH 
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fiom the fomiula foi glucosido-D-keto\yloside only m the configuiation 
of h^diogen and hydroxyl gioups about the 4th carbon atom of the pen- 
tose The common featmes of the vaiious ketoses which haA e been found 
to react may be, theiefoie, diagiammatically lepiesented as in (V) In 



this diagram R and R' represent eithei hydiogen oi primary alcohol 
groups, while R" and R'" lepiesent hydrogen oi hydioxyl groups 
The above structuie is not piesent in L-fiuctose, L-ketoxylose, oi n-keto- 
aiabmose, which sugais aie apparently unable to act as substrates foi the 
enzyme On the other hand, a similai stmctuie does exist in the furanose 
(five-membeied ring) form of n-tagatose and of n-mannoheptulose How- 
ever, neither of these sugars reacts m the presence of the enzyme This is 
somevhat surpnsmg, since the non-ieactmg n-tagatose bears the same lela- 
tionship to the reactmg L-ketoarabmose as n-fiuctose does to n-ketoxylose 
It appeals that with these compounds the lelative positions of the terminal 
pnmary alcohol gioup and the adjacent hydiox3d gioups are impoitant, no 
reaction taking place if they are at R' and R'" lespectively The additional 
alcohohc group in mannoheptulose may Avell interfeie with the leaction 
Besides, it is not Icnown whethei either sugar exists to any extent m the 
furanose form which is stabilized in the non-reducing disacchandes and 


imght veil be a preiequisite for the reaction to take place 
The structure of 3-(a:-D-glucosido)-L-aiabmose is so fundamentally chf- 
feient from that of the reducmg sugars that no obvious conclusions can 
be diawn as to the chermcal configurations responsible for the affinity o 


the enzyme for L-aiabmose Not only is a secondary alcoholic group in- 
stead of a caibonyl group immlved in the Imkage, but the sugar is m the 
p^Tanose rather than the furanose forai For companson vith the non 
reducmg disacchandes, its structural formula is shovn in (VI) 
unlikely that the phosphoijlase causes a pnmaiy condensation of n-glucose 
vuth L-arabinose through the caibonyl atoms of both and that a reanangc 
ment takes place later A spontaneous rearrangement of this sort v ou 
not be expected and, indeed, an analogue of the possible pnmary con ensa^ 
tion product, n-xylosido-n-glucoside, is known to exist as a stable compoun 
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CH,OH H 



(0) lliat an enzymatic rearrangement does not take place is indicated by 
e\idencc \\hich has been picsented that a single enzyme is involved in the 
sy nthes s of glucosido-L-arabinose 

Ihc demonstration that one and the same enzyme may catalyze such 
appircntly dissimilai reactions as the syntheses of reducing and non- 
reducing disaccharides and of glucose-l-phosphate indicates that super- 
fici dly dissimilai compounds oi linkages may depend on a single enzyme 
for their production It also indicates that at least in some cases the 
affinity of an enzyme for a substrate does not depend on the obvious chemi- 
cal groups of the latter but possibly on subtle spacial lelations which can 
only be elucidated by furthei stud}^ 

The available evidence indicates that the equilibrium in the leaction, 
D-glucose-l-phosphate + L-aiabinose ^ D-glucosido-L-aiabmose + phos- 
phate, is far to the right as compared with the equilibrium shown for 
sucrose synthesis ® The difference in the apparent equihbrium could be 
explained if the bond energ}^ of the i educing disacchande weie smaller than 
that of sucrose No definite information regardmg this point could be 
found Howevei, with phosphate esteis (glucose-l-phosphate, glucose-6- 
phosphate) it is known that the linkage to the carbonyl gioup has a higher 
energy content than that to an alcoholic group Similar relations probably 
^Pply to glycosidic linkages of reducing and non-reducing disacchandes 
This has been postulated as one of the leasons for the almost irreversible 
natuie of the leactions involved in the sjmthesis of dextian and levan from 
suciose (8) Anothei consideiation uhich must be taken into account in 
explaining the difference in appaient equilibria is the possxbihty that only 

® In a previous estimation of the equilibrium constant for the reaction between 
glucose l-phosphate and d ketoxyiose ( 2 ), the concentration of D-ketoxylose in the 
experimental solutions was determined by polanraetnc analysis on the assumption 
that only one ketose is formed to any extent by enohzation of a given aldose with 
phosphate In view of the demonstration that more than one ketose may be formed 
on autoclaving arabinose in the presence of phosphate, the previously determined 
equilibrium constant for this reaction may be inaccurate 
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the furanose foim of sugais hke D-fiuctose and L-soibose is involved m the 
leaction and this foim constitutes only a fraction of the total amount of 
ketose piesent at eqiuhbiium 

The synthesis of n-glucosido-L-aiabmose appeals to be the first example 
of an vitro enzymatic synthesis of a leducmg disacchaiide directly from 
hexose units The only othei leducmg disacchaiide which has been 
synthesized enzymatically in viiio is maltose, foimed from glucobe-1- 
phosphate by the successive use of starch phosphorylase and amylase 


1 A new non- 



SLiStMARY 


sing^disacchaiide has been piepaied from glucose-1- 
phbsphate and enoli^d L-aiabmose mth the aid of suciose phosphorylase 
piepaiations fiom Pseudomonas sacchai ophila This disacchaiide has been 
identified as a-r>-glucosido-j3-L-ketoaiabmoside It is analogous to sucrose 
in stmctuie and ceitam chemical leactions 

2 A new reducing disacchaiide has been synthesized fiom glucose-1- 
phosphate and n-aiabinose ivith the same enzyme piepaiations Tbs has 
been identified as 3-(a-i>-glucosido)-L-aiabinose Unhke suciose and its 
analogues, this sugai has a fiee caibonyl gioup, is difficultly hydrolyzable 
with acid, does not give the Raybin reaction with diazouiacil, and contains 
both monosacchaiide components m the pyianose (six-membeied ring) 
form 

3 It has been demons tinted that both the i educing and non-reducing 
disaccharides aie produced by the same enzyme and the possibihty that an 
additional enzyme may be involved m the synthesis of n-glucosido l- 
arabinose has been shoun to be i emote 

4 A number of other compounds have been tested as substrates for 
suciose phosphorxdase, both as substitutes foi n-glucose-l-phosphafe an 
for D-fructose 
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AN ENZYiM VTIC I^IETIIOD FOR THE DETERMINATION 
OF URIC VOID IN WHOLE BLOOD* 

WALTER D BLOCK and NAOMI G GEIB 

{From the Dtparlmcnt of Biological Chemistry and the RacUiam Arthritis Research 
Unit,]Mcdical Schoolf University of Michigan, Ann Arbor) 

(Received for publication, March 13, 1947) 

lu 1939 Bhuch uud Koch ( 1 ) pubhslied an enzjmatio method for the 
colonmctric dctemiination of uiic acid in ^hole blood This method 
mvolves the use of the 011230110 uncase foi the specihc destmction of unc 
acid “Tiue uiic acid” values weie obtamed by the difference m the m- 
tensity of coloi pioduced befoie and after mcubation with the enz 3 one 
The authors leported “true uric acid” values for normal whole blood 
averagmg 2 mg per cent and non-uric acid chiomogenic values, calculated 
as unc acid, 1 mg per cent Recoveries of uric acid added to whole blood 
before deproteinization averaged 93 5 per cent 

Bulger and Johns ( 2 ) later published a method similar in principle to 
that of Blauch and Koch “True uric acid” was estimated by determmmg 
the reduction of alkalme feiricyanide by protem-free filtiates of plasma 
before and aftei uncase action Recovenes of uric acid added to plasma 
were quantitative Aveiage values for noimal plasma were 4 mg pei cent 
of “true unc acid” and 1 7 mg pei cent of non-uric acid These workers 
suggested, as an explanation of the disciepancy between their results and 
those obtamed by the method of Blauch and Koch (1), that m the lattei 
procedure there is a depiession of color development with phospho tungstic 
acid due to the piesence of substances m the tungstate filtrate of blood, 
which do not, however, mfluence the reduction of alkalme ferncyanide 
A colorimetnc modification of the Bulger and Johns method has been 
recently published by Silverman and Gubemick (3) Lower non-unc 
acid values than Bulger and Johns reported were obtamed by these workers 
(less than 1 0 mg per cent), however, this proceduie is still not apphcable 
to whole blood 

In view of the fact that there are many mheient errors m the Blauch and 
Koch ( 1 ) method and that the Bulger and Johns (2, 3) procedure is some- 
what mvolved and cannot be apphed to whole blood, we thought it worth 
while to lemvestigate the problem and to attempt to develop a specific 

* Supported in part by a grant from Eh Lilly and Company, Indianapolis 
Indiana 

t The Rackham Arthritis Research Umt is supported by the Horace H Rackham 
School of Graduate Studies of the Umversity of Michigan 
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method ioi the determmation of unc acid which could be applied to whole 
blood, as well as to plasma and serum, and to adapt the method to the 
photoelectnc colorimetei 

Early m the mvestigation it ivas found that lE the Folin leagents (4), 
namety phosphotungstic acid and urea-C3mmde, ivere used, a constant 
centei settmg on the photoelectnc colorimetei could not be obtamed 
because of a giadual de\elopment of color due to the leagents Blauch 
and Koch (1) expeiienced the same difficulty However, it w^as found b} 
one of us m ple^^ous w^oik (5) that by employing the arsenophosphotung- 
Stic acid leagent of Benedict (6) and the uiea-cyamde reagent of Chiistman 
and RaviMtch (7) no color developed due to the reagents and a constant 
centei settmg could be obtamed on the colorimeter 

Accordingly, these reagents w^ere employed and a standard unc acid 
cahbiation curve was established The desued volume of standard unc 
acid solution (hthium carbonate standard) (5) w^as measuied mto a 25 cc 
volumetnc flask, 2 5 cc of uiea cyamde and 2 0 cc of arsenophosphotung- 
stic acid (6) (diluted 1 4) were added, and the flasks w^ere immediatel}^ 
made to volume The coloi was read at 40 mmutes m the photoelectnc 
coloiimetei with Filtei 660 It was found that the color did not follow 
Beer’s law over the desired range of concentrations, so that it was necessary 
to use a cahbiation curve 

Using the curve thus obtamed, we applied this direct procedure to whole 
blood and to plasma It w as found that if varying amounts of the same 
filtrate of whole blood (3 to 10 cc ) weie anatyzed, different values in terms 
of mg pel 100 cc w^ere obtamed However, wnth plasma filtiates the 
unc acid values did not show^ as great a vaiiation (Table I) In addition, 
for a ffived amount of filtrate lecoveries of added uric acid varied from 95 


to 130 pel cent 

In view of these findmgs it was apparent that this direct procedui^ 
with uncase could not be used, first because the recovenes of uuc aci 
added to wffiole blood and plasma were maccurate and, second, because 
the diiectly determined uuc acid m whole blood varied wnth the volume 
of protem-fiee filtrate employed (Table I) This factoi is paiticular} 
important m view of the fact that 5 cc of protem-fiee filtiate are u&ed or 
the determmation of total chiomogenic value and 10 cc for the non-uric 


acid chromogenic \ alue 

Discrepancies m unc acid values found m whole blood and seuim 
been pieviousty lepoited (8, 9), and it has been felt that the met o or 
whole blood is less lehable because of the concentration of mter ermg 
substance m the red cells Ergothioneme and glutathione bot e\is m 
high concentrations m the human red cell Because these subs 
removed m the Newton (10) method for the detennmation of unc aci 
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blood, b} a pielnninaiy piecipitatiou of eigothioneine and glutathione with 
litliunn chloudc md hihei nitiate, an investigation of the method was 
cxrried out IIo^\e\el, in this piocedure aisenotungstic acid and uiea 
cyanide are employed foi the development of coloi Since we weie 
unable to obtam the sime intensit}'- foi constant concentiations of luic 
acid witli diheient picpaiations of aisenotungstic acid, aisenophosphotimg- 
stic acid (0) and the mea-cyanide, devised by Chiistman and Ravwitch (7), 
weic substituted The lemoval of eigotluoneme and glutathione ^Mth 
silver as suggested by Newton (10) was adopted The sihei piecipitation 
was modified so as to allow accuiate pipettmg of samples mstead of de- 
canting, that is, twuce the amount of filtiate desued was tieated wuth 


I 

Unc Acid Coiiccnlration in Varying Amounts of Filtrate 



Volume of filtrate 

Unc acid 

Direct method 

Modified Newton 
method 


cc 

mg per cent 

mg per cent 

Whole blood 

3 ! 

4 61 i 

4 72 


5 

4 79 

4 89 


10 

5 38 

4 75 

Plasma 

3 

6 11 

6 78 


5 

6 21 

6 87 


10 

6 42 

6 84 

Serum 

! 3 


5 75 


1 5 


5 78 


10 


5 69 


lithium chloride and silver nitrate solutions and one-half the total volume 
of supernatant fluid taken for analysis 
A cahbration cuive w^as established with a hthium caibonate-uiic acid 
standard (5) To each aliquot of this standaid solution w^hich con tamed 
<1 diffeient amount of uiic acid, 1 cc of hydrochloric acid (3 5 pei cent by 
volume) was added The addition of this amount of hydrochloiic acid 
approximated the acid coucentiation of a blood filtiate aftei the removal 
of eigothioneine and glutatlnone wath lithium chloride and silvei nitrate 
This w^as necessary, smee it was found that varymg amounts of acid 
influenced the color development With this modification the followmg 
procedure w^as employed 2 cc of arsenophosphotungstic acid diluted 1 4, 
2 5 cc of the urea-cyanide mixture, and 1 cc of a 3 5 per cent solution of HCl 
were added to an ahquot of a standard unc acid solution m a 25 cc vol- 
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umetnc flask, which ^^as immediately made to volume The color was 
read m the Evelyn photoelectric coloiimeter with Filter 660 aftei 40 
minutes, at which tune the color was constant and maximum A constant 
center settmg was obtained ivith a constant K A^alue (0 0134) for concen- 
trations of unc acid rangmg from 10 to 60 7 (Table II) 

The modified Newton procedure was apphed to whole blood, plasma, 
and seium It was found that different amounts (3 to 10 cc ) of tungstic 
acid filtiate gave sunilai values for uric acid when expressed as mg per 
cent (Table I) These findings suggest that glutathione and eigothi- 
oneme may account for the dispioportionahty observed when different 


Table II 

Reprodueibihiy of Chemical Method for Deierminaiton of Lithium U)aie and Constancy 
of Ratio of Photometric Density to Concentration of Compound 


Lithium urate 
present 

No ol tests 

Range of galvanom 
eter reading* 

f 

Average photo 
metric density/ 

(L value) t 

Calculated X 
valucj 

V 

10 

4 

732, 74 

0 1323 

0 

0132 

20 

5 

53^ 54s 

0 2686 

0 

0134 

30 

5 

3S“, 40 

0 4090 

0 

0136 

40 

5 

29^ 30^ 

0 5290 

0 

0132 

50 

5 

1 22, 223 

0 6505 

0 

0130 

60 

4 

16, 103 

0 7860 

0 

0131 

Average 

0 0134 


* These values correspond to the ma\imal blue color produced hen taken with a 
center settmg of 79^ and Filter 660 

t This IS analogous to optical density as measured on a spectrophotometer an 
corresponds to the quantity (2 — log 10 of the galvanometer reading) 

X These values are obtained by dividing the photometric density by the amount 0 
the lithium urate in the test solution 


amoimts of filtiate m which they aie piesent aie analysed by the duect 
method (Table I) To investigate this possibihty, known amounts 0 
glutatliione and eigothioneme weie added to pure unc acid solutions 0 
knoViTi concentiation and then effect on the coloi development determine 
The direct method of Benedict, modified as previously described, 1 
2 cc of arsenophosphotungstic acid and 2 5 cc of uiea-cyamde, was usee 
(Table III) 

Although the piesent study m some cases deals vith amounts 0 
substances largei than those noimally piesent in blood, the resu s sim 
that, while glutathione itself gives no measurable unc acid 
addition of this substance to a puie solution of uiic acid 01 0 a 
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•solution of eigotliioneiue, or to ix tjolutiou of uuc acid plus ergothioneme 
docs c lUfcO i definite intic ised pioduction of color The increase in color 
piodutcd becomes greatei is J irgci amounts of glutathione are added 


1 VliLl III 


rjftct of Lnjothtoncuio and GliUathiont on Color Value of Uric Acid in Pure Solutions 


Substance 

Color -value expressed as uric acid 

Unc acid 



round 

Theoretical* 

Increased 

production 

Depression 


y 

7 

7 

7 

Per cent 

Per cent 

0 


30 

0 

0 



0 


50 

0 

0 



0 


100 

0 

0 



0 


150 

0 

0 



0 

30 


S 65 




0 

50 


14 52 




0 

100 


29 46 




20 

30 


28 68 

28 65 


0 0 

20 

50 


34 21 

34 52 


0 9 

20 

100 


4S 29 

49 46 


2 3 

20 


30 

20 00 

20 00 

0 0 


20 


50 

20 31 

20 00 

1 6 


20 


100 

23 09 

20 00 

15 4 


20 


150 

25 00 

20 00 

25 0 

1 

0 

30 

30 

10 86 

S 65 

! 25 5 


0 

30 

50 

12 39 

8 65 

42 3 


0 

30 

' 100 

14 11 

8 65 

63 1 


0 

50 

1 50 

17 59 

14 52 

21 1 


0 

50 

100 

22 24 

14 52 

53 2 


0 

50 

150 

23 09 

14 52 

59 0 


0 

100 

100 

39 01 

29 46 

32 5 


0 

100 

150 

43 55 

29 46 

47 8 


20 

30 

30 

29 50 

28 65 

2 0 


20 

50 

50 

36 64 

34 52 

6 3 


20 

50 

100 

39 84 

34 52 

15 4 


20 

50 

150 

42 31 

34 52 

22 5 


20 

100 

100 

56 24 

49 46 

13 7 


20 

100 

150 

58 80 

49 46 

18 8 



* Color value of 20 y of unc acid plus color value of increasing amounts of either 
ergothioneme or glutathione 


In contiast, although a puie solution of eigothioneine pioduces an ap- 
pieciable coloi (appiovimately 30 pei cent of that given by the same 
concentiation of uric acid), i\hen it is added to a solution of pure uiic 
acid theie is an actual depression of unc acid color, the depiession bemg 
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greatei wTth increasing amounts of eigotlnoneme In solutions m which 
all 3 of these substances aie piesent, the actual color pioduced is not the 
sum of the coloi^s due to the uric acid plus eigothioneme, but that sum as 
modified by the depiession of color mtensity caused by ergothioneme and 
the mciease m color pioduction caused by the glutathione 
To study the efiect of the addition of ergothioneme and glutathione to 
whole blood, the followang expeimient was done Difteient amounts 
(3 to 10 cc ) of the piotem-free filtiate of whole blood, whole blood plus 


T^ble IV 

Effect of Added Ergothioneme and Glutathione on Color Value of Uric Acid in 

Whole Blood 



Volume 

of 

filtrate 

Color 
value as 
uric acid 

Color 

value 

added 

Theoreti 
calf total 
color 
v'alue 

Increased 

pro- 

duction 

Deprea 

sioa 


cc 

Y 

T 

T 

per cent 


Whole blood* 

3 

13 b4 






5 

23 97 






10 

53 76 





Whole blood -f 50 7 

3 

16 32 

4 S4 1 

IS 6 S 


12 6 

ergothioneme 

0 

29 50 

7 26 

31 23 


5 ^ 


10 ' 

67 41 

14 52 

68 2S 


1 3 

Whole blood + 50 7 

3 

13 S4 

0 

13 84 ' 

0 

0 

glutathione 

0 1 

25 24 

0 

23 97 

5 3 



10 

5S SO 

0 

53 76 

9 4 


Whole blood -r 50 7 j 

3 

: 17 45 

4 S4 

1 IS 6 S 


mm 

ergothioneme -f 1 

I 0 

i 31 S2 

7 26 

1 31 23 

1 0 2 


50 7 glutathione j 

' 10 

' 71 03 

14 52 

6 S 2S 

4 0 



Total 
color value 
copresied 
Oa uric 
acid 


nf per 
cent 

4 61 

4 79 

5 3S 
5 44 

5 90 

6 74 
4 61 
5 04 

5 

5b2 

6 36 

7 10 


* Before deprotemization (1 10 tungstic acid filtrate) 50 y of ergothioneme (or 
glutatluone) per cc were added This represents a color \ alue of 14 52 y e'^pr^® 
as uric acid (Table I) per 10 cc of filtrite for oiilj ergothioneme, since glutat uoue 
\\as found to gne no color . , 

t Value of uric acid found m w hole blood plus color value ot ergothioneme a 
per aliquot of filtrate inalj zed 


50 7 of ergothioneme pei cc , w hole blood plus 50 y of glutathione per tc , 
and whole blood plus 50 7 of both substances were anab'zed b}" the 
method (Table I^") Inteipretation of these results is complicated } ^ 

fact that both substances added aie already piesent m blood In spt e 0 

this, howe\er, the results are similar to those found wTth puie ao u lo^ 

In whole blood to which ergothioneme was added the depression 0 
mtensity is greater wnth smaller \ olumes of filtiate, but wuth 
umes the amount of glutathione ongmally present is larger an wou 


W D BLOCK VND N C GEIB 


753 


expected to cilice i gieitci mcieiJscd piodvictionof coloi In whole blood 
tout lining idded glut ilhione the incie isc of color intensity becomes gieater 
withlugci imountsof (dtiate in il^^zcd Inblood to which both glutathione 
ind cigothioncine w eic idded, 3 cc of the filtrate ‘^how ed a slight depiession 
of coloi Oil the othei h uid, 5 ( c of filti ite bhoued a slight incieased pio- 
duction of coloi ind 10 cc a definite increase These lesults might also 
be expected fiom picvious findings that ^\lth smallei amounts of gluta- 
thione the ehect of eigothioneinc in depicssing coloi development may 
piedomin ite but tint is the imount of glutathione piesent mcieases this 
depresMon is obbcuied by the incieased pioduction of color due to the 
glut ithione 

In view ot the a!)o\e study, it seemed possible that the piesence of these 
two subst mces, glut ithione and eigothioneme in blood, with their opposmg 
ehects on color development, might account for the dispioportionality 
found when dilTcrent imounts of tungstic acid filtiate of whole blood aie 
analyzed, that wuth the smallei amounts of filtiate the ergothioneme exerts 
a blight depiesbing eftect on coloi intensity gieatei than the stimulation due 
to the small amount of glutatluone piesent, but that with laiger amounts of 
filtrate the stimulatory^ effect of the glutathione predominates The result 
lb a laigei ^alue of coloi intensity, when expressed as mg per 100 cc , for 
10 cc of filtiate tlian foi 5 cc oi foi 3 cc 

Vaiiation in lecoveiy of uiic acid added to blood has been foiuid by 
\arious authoi'b (4, 11) We have also foimd tins to be time, using the 
direct procedure ot Folm (4) as modified by Blauch and Koch (1) These 
findmgs might be explained by the vaiying relationship of glutathione and 
eigothioneme to the added line acid Further, Bulgei and Johns (2), 
usmg the diiect method of Blauch and Koch, found that when unc acid is 
added to unc aud-fiee filtiates of blood after uncase action lecoveiy was 
always incomplete (35 to 40 pei cent) Smee the lecovery of uiic acid 
fiom the uric acid-fiee filtiate was so much less than the lecovery of unc 
acid added to wKole blood, it was felt that some substance w^as present in 
the nnpure uncase wKich depressed color development This possibility 
was investigated by the followang expenment 

100 mg of uncase powdei (5) weie added to 20 cc of distilled w'^atei in a 
50 cc volumetric flask and meubated foi 2 houis at 45° This suspension 
was depiotemized To 5 cc aliquots of this filtiate a knowm amount of a 
lithium caibonate-unc acid standaid (5) was added The unc acid w'^as 
detennmed by the Benedict pioceduie (6) with ai*senophosphotungstic 
acid and the uiea-cyanide (7) It was found that lecovenes vaned from 
87 to 90 pel cent 

The same amount of uncase pow der as was used m the above expenment 
was added to whole blood, plasma, and serum After mcubation, the 
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three suspensions ere deprotemized Unc acid was then added to each 
unc acid-free filtrate In each instance the recovery of the added unc 
acid was low With blood lecovenes averaged 51 to 65 per cent, plasma 
75 to 80 pel cent, and semm 80 to 82 pei cent These lesults would seem 
to indicate that at least a part of the depiession of color de^ elopment may 
be attributed to the impure uncase preparation - 

Because of these lesults we felt that it was necessaiy to prepaie a punfied 
enzyme foi use in the mcubation of blood Davidson (12) pubhshed a 
method foi the piepaiation of a highly punfied uncase This method is 
lathei long, and it would be impiactical m a routine deteimination of uiic 
acid m blood In oidei to oveicome these objections the foUow^mg pro- 
ceduie was used to obtam an active piepaiation which would not have an 
mhibitoiy action when added to blood 10 gm of uncase powder (5) w^ere 
stuied wath 100 cc of ice-cold 01 m phosphate buffei at pH 7 4, allowed to 
stand 20 mmutes, and centnfuged The supernatant wms discarded 
The lesidue wms stiried with 200 cc of O 1 m boiate buffei (pH 10) at 38"^, 
allowed to stand 20 minutes, and centnfuged The extract was filtered, 
an equal volume of saturated ammonium sulfate added, and the suspension 
allowed to stand overnight Aftei centnfugmg, the supernatant was 
discaided and the piecipitate dissolved in 100 cc of chstiUed water Each 
cc of this watei solution lepiesented 100 mg of the ongmal uncase powder 

We found that 1 cc of this uncase solution would destioy 150 to 170 7 of 
unc acid When 10 cc of this extiact weie suspended m water, incu- 
bated for 2 houm at 45®, and then depiotemized, the unc acid added to tins 
depiotemized filtiate was completely leco^eied 

It IS mteiestmg to lecall that if diffeient amounts of filtiates of whole 
blood and plasma aie anatyzed by the duect procediue, wnth arseno 
phosphotimgstic acid (6) and luea cyanide (7), vanatious of valuer are 
obtained w^hen expiessed as mg pei cent This is also true of the non-unc 
acid chiomogenic value, indicatmg that whatever is dispioportiona m 
blood also exists after tieatment w ith uncase Therefore, it w^as necessar\ 
to use the modified Newton procedure foi the non-unc acid color e er 
mmations as w ell as foi the direct 

Procedu) e 

Reagents — ^ 

Lithium c/do? ide solution 7 5 gm of hthium cldonde and cc ^ 
concentmted hj’^drochlonc acid were dissohed m distilled winter an 
diluted to 1 liter 

2 9 pc? cent &ili;e? mi) ate 

Stock ai senophosphoiungstic acid (6) diluted 1 i 

Urea cyanide (7) 
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DcUnninaiwn of Total Color — -I cc of \\ hole blood oi serum or plasma are 
lakcd with 28 cc of distilled watei md depiotemized by adding 4 cc of 10 
per cent sodium tung&t itc md 1 cc of J n sulfuric acid Aftei centnfugmg, 
the siipciu it lilt IS filteied uid 10 cc poitions of the filtiate tiansfeired to a 
15 cc centnfuge cone 2 cc of the lithium chloiide solution and 2 cc 
of sih er nitrite ue idded to each tube and immediately centnfuged 7 cc 
ot the hupeiniUmt aic pipetted fiomeach sample into a 25 cc \oliimetnc 
flask, and at minute intei\ ils 2 5 cc of uiea-cyanide and 2 cc of the 
arsenophosphotungstic reigcnt aie added and the flasks diluted to lolume 

T. vniE \ 

Rccoicrijof Uric Acid idded to Whole Blood, Plasma j and Seram Before Deprotein- 
uaUo;ian4 to FiUraic ifter Uncase AcUon 


The volume of the filtrate ^\as 5 cc in all cases 



Uric acid 

Uric acid added 

Reco\ery 


y 

y 

Per cent 

WholD Blood I 

23 85 

0 



33 36 

10 

95 1 


38 62 

15 

98 4 

! 

24 48 

0 


1 

34 48 

10 

100 0 


39 85 

15 

102 0 

Plasma 

26 27 

0 



36 64 

10 

103 7 


41 23 

15 

99 7 

Serum 

28 88 

0 



39 55 

10 

104 5 


44 62 

15 

102 6 

Whole Blood I after uncase action 

3 90 

0 



23 90 

20 

100 0 


34 25 

30 

101 2 


immediately The coloi is allowed to develop foi 40 mmutes and lead m 
the photoelectiic coloiimetei with Filtei 660 
Deleiminaiion of\Residual Color — 8 cc of w^hole blood or plasma or 
seiiim aie intioduced mto a 250 cc Eilenmeyer flask and diluted with 
48 cc of distilled w^ater, 8 cc of the enzyme pieparation aie added, and 
the flask meubated at 45° for 2 horns The blood is depiotemized with 
8 cc of 10 pel cent sodium tungstate and 8 cc of f n sulfunc acid After 
centrifuging, the supernatant is filtered and 20 cc poitions of the filtrate 
aie pipetted mto 50 cc centiifuge cones To each aie added 2 cc of 
lithium chlonde and 2 cc of silver nitrate and the tubes aie immediatel) 
centnfuged 12 cc of the supernatant aie then analyzed as desenbed for 
the direct procedure 
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Studies were made on the accuracy vnth which known amounts of uric 
acid could be recovered when added to whole blood, plasma, and seium 
befoie deproteinization and to the filtrate of whole blood after uncase 
action (Table V) These data mdicate that uric acid added to whole blood, 
plasma, or senim can be lecoveied quantitatively (95 1 to 104 5 per cent) 
In addition uric acid added to the filtiate of whole blood aftei the action of 
uncase can be lecoveied quantitatively It should also be pointed out 
that theie is still a residual (non-uiic acid chromogen) coloi by this pro- 
ceduie It is essentially the same m whole blood (0 25 to 0 51 mg per 
cent), plasma (0 32 to 0 45 mg per cent), and serum (0 48 to 0 65 mg per 
cent) The cause of this lesidual color is unknown but possibly may be 
due ta the piesence of eigothioneme not completely removed by the silver 
piecipitation 

When tlus pioceduie was employed m a large number of bloods of 
noimal mdividuals, it was found that the “tnie unc acid^' of whole blood 
vaiied fiom 2 53 to 4 42 mg pei cent The residual chromogen aveiaged 
0 25 to 0 51 mg per cent 


suaiMARy 

1 An enzymatic piocedure is presented foi the acciuate determination 
of uiic acid m whole blood, serum, and plasma 

2 With this pioceduie the ^'true uric acid^^ values of noimal human 
blood varied from 2 53 to 4 42 mg pei cent 

3 A study of the effect of eigothioneme, glutathione, and unpuuties 
present m the usual uncase piepaiation (1) on the accurac}^ of the deter 
mination of uiic acid m blood is piesented 
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TWO VNTIBIOTICS (LAATSNDULIN AND ACTINORUBIN) 
PRODUCED BY TWO STR VINS OF ACTINOMYCES 

II PURIFIC VTION AND ISOLATION* 

REN VTE JUNOWICZ KOCHOLATY and WALTER KOCHOLATYf 

(F rom tho Departments of Physiological Chemistry and Bacteriology y School of 
Mcdicincy Uniicrsity of Pennsylvaniaj Philadelphia) 

(Received for publication, February 14, 1947) 

This paper describes the purification of two antibiotic substances pro- 
duced by stiains of Actinoinyces isolated fiom soil Both organisms were 
isolated and studied by Dr Vlbei t Kelnei of the Univeisity of Pennsylvania 
for their cultural characteristics and conditions for ma\imum production 
of the antibiotic substances Anmial experiments, deteimmation of anti- 
bacterial spectuim, etc , weie conducted by Di Haiiy E Moiton, also of 
the Univemity of Pennsylvania (1“3) 

One stiain of Actinomjjces, designated as A-10 m earliei work, lesembles 
Actinomi/ces lavendulae, and the antibactenal substance produced by it has 
been called lavendulin (2) The other stram of AchiiomyceSy ongmally desig- 
nated as A-105, lesembles m some respects Aciiiiomyces eiytJneus, A fradti, 
A albosporeiis, and A calif ormeusj and the antibacterial substance pro- 
duced by it has been called achnorubin (2) Under smtable conditions of 
growdh both stiains of Actinomyces pioduce antibactenal substances which 
are active agamst both Giam-positive and Giam-negative miciooigamsms 
Puiifi cation of the antibiotics is achieved by the same method The 
antibiotic pimciple is adsoibed on a cation exchanger (notably Decalso) 
and eluted wuth saturated NaCl The NaCl eluate contammg the active 
prmciple is evapoiated to diyness and extracted with boilmg methanol 
The methanol extract is piecipitated with half its volume of ether, the 
supernatant discaided, and the precipitate w’^ashed with absolute ethanol 
The lesultmg dried powder is the partially purified antibiotic Most of 
the animal and toxicity expeiiments conducted by Di Moiton weie earned 
out wuth these pieparations The final puiification of the antibiotics is 
accomplished thiough chromatogiaphic adsorption on activated alummum 
oxide m 85 pei cent methanol Ceitam fi actions of the chiomatogiam con- 
tain mg the hydro chlondes of lavendulm (stiam A-10) and actmorubm 
(stram A-105) form m soluble addition compounds with methyl oiange, 
w^hich are leciystallized from methanol- water mixtuies 

* This project has been supported by the Thomas Harvey Dougherty, Jr , Fellow- 
ship for Research m Brucellosis Fund and by grants from the Smith, Kline and French 
Laboratories and the Department of Agriculture, Commonwealth of Pennsylvama 
t Thomas Harvey Dougherty, Jr , Research Fellow in Brucellosis 
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EXPERniEXT-lIi 


Assay of Antibiotic Acimiy — ^The antibiotic actnities of stiains A-10 
(la\ endiilin) and A-105 (actuiorubin) aie assa 3 ^ed b^^ the btieak test Speci- 
fied amounts of the antibiotic piinciple aie mixed Avith 10 ml of Bactc- 
nutnent agai, pH 7 3, m a Petn dish (Bacto-nutnent agai, deh} dialed, 
IS emplo 3 ^ed as m standaid methods of watei analysis It contains 5 0 
gm of Bacto-peptone, 3 0 gm ot Bacto-beef extiact, and 15 0 gm of agai 
pel 1000 ml of distilled i\ atei The medium is adjusted so that aftei auto- 
clavmg the reaction w ill be pH 7 3) Aftei sohdification, the test organism 
{Escherichia coli, Univemity of Pennsylvama stram P216) is streaked upon 
the agar and the plates are mcubated 18 to 20 hours at 37° The smallest 
amount of the antibiotic per ml of nutnent agai which suppresses growth 
of Escherichia coli undei conditions of the test is called 1 dilution unit 
The piogiess of puiification is followed by the lelatiou of dr}'’ weight to 
actu ity and is expressed m w eight pei dilution mut 

Pin ificaiion of Antibiotic Pnnciyle of Actinomyces Stiain A-W (Laicih 
diilm ) — ^The method of puiification is best illustiated b}'' descnbmg a 
typical experiment 22 5 htei*s of cmde culture of stiam A-10, assa}Tng 
3 38 X 10^ dilution imits and ha\mg a pH of 5 3, weie adjusted with 10 
pel cent Xa 2 C 03 to pH 7 ^md stuied with 450 gm of Decalso (50 to 80 
mesh) for 2 hourn at loom tempeiature Aftei the Decalso had settled, the 
supeniatant was discaided, the sediment w as w ashed on a Bucluier funnel, 
hi'bt w ith distilled w atei imtil the w ash w atei w as clear, then w ith acetone, 


and finally dned at 28-30° 

A glass tube, 3 cm mside diameter and 120 cm high, w closed at one 
end by a perforated rubber stopper which earned a small glass tube and a 
screw clamp Above the nibber stoppei w as placed a small layer of glns:> 
w ool and a net of monel metal The dned sediment was poured mto the 
glass tube, tapped tight, and then completely moistened with a saturated 
solution of NaCl, added at the late of 14 to 2 mmutes per 20 gm of Decabo 
As soon as the satuiated solution of NaCl reached the bottom of the column, 
the screw^ clamp w as closed and the column was allowed to stand oveniig 


(15 to IS hours) The column was then dramed bj'’ opening the screw 
clamp on the bottom w^hile fresh saturated NaCl w as fed continually to t le 
top of the column The lato of flow was approximately 1 ml pei minu 
A total of 340 ml was collected (15 ml per20gm of Decalso) Tbeeluae 
con tamed all the ongmal actmty and w as of a biowm color It was evapo 
rated to dryness at 45° in vacuo and dned over P^Os m a vacuum desicca r 
The dned mateiial, contammg the antibiotic and a considerable 
of NaCl, was pulverized and extiacted wuth boilmg absolute me 
For the first extraction 100 ml of methanol were used, which remove 
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per cent of the tot il ictivity A bccoiid e\tiact|on with 50 ml of boiling 
moth mol ienio\ecl ui additional 15 pei cent of the oiigmal activity Al- 
though fuithei tieitmciit with methanol would extiact all the antibiotic 
aoluity, it w lb found unpiofitable to woik up thebe extracts The NaCl 
icbidue contuiimg the iinexti icted antibiotic cm be leciiculated m the 
column extiaction piocesb 

The biowuibh coloied methanol cxtiacts weie allow^ed to stand ui the 
refiigeiatoi foi i di} oi longei, wheie daik biowai gummy piecipitates 
formed ind the supernatants became gieenish blown The combmed 
methmol extiacts (120 to 150 ml ), aftei lemoval of the meit pigments, 
weic tieatcd it lefiigeiatoi tempeiatuie with half then volume of cold 
absolute ether, the piecipitate ivas centrifuged, washed with about 120 to 
150 ml of absolute ethanol, and diied m vacuo The lesultmg material 
contained on the average about 75 pei cent of the oiigmal activity (\^alues 
of from 70 to SO per cent aie legularly obtamed ) The supernatant after 
the ethei piecipitatioii contamed about 8 to 16 pei cent of the oiigmal 
activity, much ineit material, and some pigment The washing with 
ethanol resulted m only a slight loss of active matenal (2 to 4 pei cent) 

The antibiotic thus obtamed assayed between 0 5 and 1 y pei dilution 
unit (mdicating a 30- to 60-fold puiification compaied to the cmde culture), 
contained 5 to 10 pei cent ash, was light gieen m color, and was quite 
hygioscopic This was the matenal used foi most of the piehmmaiy 
animal expeimients earned out by Di Morton 

Chiomaiog)a'phic Punficalion of Aniibioitc Pitiiciple of Sham A-10 
{Lavoulidm), Genet al Considerations — Oui obseivations fiom the studies 
of the behavioi of the antibiotic of strain A-10 (and also of stiam A-105) 
w^eie similai to those obseived by other workeis (4) m the punfication 
of streptomycm Alkalme alumma oi alumma adjusted ivith HCl 
w^as found quite imsatisfactoiy foi the purification process Alumma 
adjusted with sulfunc acid permitted passage of a solution of either laven- 
dulm 01 actmorubm m 80 pei cent methanol lather lapidly through the 
column without efifectmg an appieciable punfication, while in 90 pei cent 
methanol both antibiotics moved exceedingly slowly m the column 
Theiefore, 85 pei cent methanol was chosen as the solvent for the anti- 
bactenal pnnciples of strams A-10 and A-105 

PtepataLion of Column — Brockmann’s oi Fishei^s adsoiption alumma 
was acidified with 50 pei cent sulfunc acid to pH 5 to 6 and poured as a 
sluiiy into a column of 3 cm mside diametei and about 40 to 50 cm m 
height, and tapped The column was washed immediately with 500 ml 
of 85 pel cent methanol, and then the antibiotic, dissolved m 85 pei cent 
methanol, w as added 

Piocedute — A preparation of lavendulm obtamed as desenbed above, 
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contaming 6 86 X 10^ dilution units, was dissolved m 100 ml of 85 per cent 
methanol and added slowly to the column The column was then washed 
with 85 per cent methanol and the percolate collected in 100 ml fi actions 
The results aie sununanzed m Table I 
Washing the column vnth 50 per cent methanol pennitted the lecovery 
of practically all of the lemamder of the activity The diffeient fi actions 
of the eluates were tested foi their abihty to form ciystalhne addition com- 
pounds with methyl omnge as lepoited by Kuehl et al (5) foi stieptotbncin 
and strep tom3^cin Fiactions 9 to 15 were found to be the most suitable 

Table I 


FracUoiiaUou of Lavmdxdin on xVlumina (m 85 Per Cent Methanol) 


Fraction No 

Total nnits per fraction 
(100 ml ) 

Fraction No 

Total units per fraction 
(100 ml ) 

1 

0 

10 

230,000 

2 

0 

17 

230,000 

3 

0 

18 

230,000 

4 

0 

19 

230,000 

5 

0 

20 

U0,000 

6 

<35,000 

21 

U0,000 


70,000 

22 

1-10,000 

S ' 

140,000 

23 

70,000 

9 

280,000 

21 

70,000 

10 1 

280,000 

1 25 

1 <35,000 

i 

350,000 

1 26 

I 0 

12 i 

466,000 


' - - — — 

13 1 

466,000 

Total dilution units 

; 4,278,000 

14 1 

466,000 

Recovery 

62% 

15 1 

280,000 



1 



— 


Crijstallizaiion — ^To 93 ml of Fiaction 13 (about 430,000 dilution units) 
were added at room temperatuie 46 ml of HoO containmg 866 mg o 
sodium hehanthate After standmg overnight m the cold, the precipitate, 
containing about 80 pei cent of the total activity and consistmg of clustem 
of oiange needles, was leciystallized twice from 50 per cent methanol an 
finally once from 20 per cent methanol The activity of the lavendu m 
hehanthate, dried over P2O5, w^as found to be between 0 3 and 0 5 7 per 


dilution unit 

A7ialy^is ^ — sample of lavendulm-helianthate (Fiaction 14, Ta e h 
twice recrystallized from 50 pei cent methanol and once more ftom 
per cent methanol, gave the followmg analysis C 51 16, H 5 99, - ^ 

1 The analyses of lavendulin and actmorubin reported here were earned out by t 
Smith, Kline and French Laboratories, Philadelphia 
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S 9 17 The observed values agree fairly well with the empirical formula 
0491103013X1383, the}" fit, somewhat less well, with C33H42O12N8S2 and 
010112000X48 Attempts to calculate the empiiical foiTnula foi the free 
base, from the above hchauthates, weie unsatisfactory The meltmg pomt 
was found to he between 212-220° (collected, decomposition) 

The iddition compound of lavendulm (stram A-10) with sodium hehan- 
thate w^ IS quite soluble m SO per cent methanol (even at refrigerator tern- 
periture) and quite insoluble m 20 pei cent methanol In 40 to 50 per cent 
methanol the la\ eiiduhn-hehanthate crystallized m the form of very small 
compact clusters of needles of an orange coloi In 20 per cent methanol 
the iddition compound consisted of loose clusteis of needles w"hich broke up 
readily into iireguhrly shaped ti langular blades 

Punficalion of Antibiotic Subatance Pwduced by Strain A-105 {Aclino- 
rubin) — ^The puiihcation piocess of this antibiotic foUoAvs quite closely the 
description gi\ en foi lavendulm A typical experiment will suffice 22 5 
liters of ciaide culture (pPI 8 2), pioduced by stationary cultivation and 
assa3"mg 200 dilution units pei ml , ivere adjusted wth 10 per cent HCI 
to pK 7 and stirred at room temperature wath 20 gm of Decalso per htei 
for 2 hours The Decalso w^as dned and eluted with saturated NaCl as 
described for lavendulm The yield was quantitative (4 5 X 10® dilution 
units) and usually somew hat higher, apparently on account of an inhibitor 
w^hich was lemoved during this process The eluate was evaporated to 
dryness at 45° in vacuo and exti acted with 150 ml of boihng absolute 
methanol A smgle extinction leraoved 90 pei cent of the total activity, 

^ ^ , 4 05 X 10® dilution units 

The methanol extract, after standmg 24 houis m the refngeiator, de- 
posited a considerable amount of meit pigments and was filteied Half 
of its volume of cold ether was added at lefiigerator tempeiature, the 
material centrifuged, and the resultmg precipitate washed twice with 100 
ml of cold absolute ethanol and dried in vacuo It contamed the partially 
piuified antibiotic The supernatant, after the ethei precipitation, con- 
tamed 5 per cent and the wash mgs with ethanol contamed an additional 
2 5 per cent, approximately, of the activity Yield, 3 71 X 10® dilution 
units, or 82 5 per cent of the ongmal activity 

The antibiotic thus obtamed w^as a brownish powder, quite hygioscopic, 
assayed 0 5 to 0 6 7 per dilution unit, and contamed 3 to 5 per cent ash 
This matenal was used foi most of the prehmmaiy animal ex^ienments 
earned out by Dr Morton 

Chromatographic Purification of Antibiotic of Strain A-105 (Actinorubin ) — 
The procedure was exactly as described for the purification of lavendulm by 
chromatographic adsoiption A preparation contammg 6 8 X 10® dilution 
umts m 85 per cent methanol was percolated through the alumina tower, 
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developed with 85 per cent methanol, and the peicolate collected m 100 
ml fractions The results are given m Table II By washing the column 
with 50 per cent methanol the rest of the activity may be recovered 
Fiactions 19 to 30 w ere used to prepare an addition compoimd of the anti- 
biotic with sodium hehanthate To 1 13 X 10 ® dilution units of the above 
matenal (m 85 per cent methanol, 470 ml ) were added 2 26 gm of sodium 
hehanthate in 530 ml of HoO The piecipitate ivhich fonned, after stand- 
mg o\ ermght in the lefiigerator, contamed 85 per cent of the actraty in the 
foim of actmonibm hehanthate This hehanthate, which consisted of 
round, i eddish orange clusters of needles, wms recrystallized twuce from 40 

Table II 


F ractionation of Aciinot ubin on Alumina in 85 Per Ceiit Methanol 


Fraction No 

Dilution units per frac 
tion (100 ml ) 

Fraction No 

Dilution units per frac 
tion (100 ml ) 

12 

0 

27 

240,000 

13 

<15,000 

28 

240,000 

14 

30,000 

29 

240,000 

15 

120,000 

30 

240,000 

16 

120,000 

31 

240,000 

17 

240,000 

32 

240, 000 

18 

240,000 

33 

240,000 

19 

240,000 

34 

120,000 

20 

240,000 

35 

120,000 

21 

240,000 

36 

120,000 

22 

240,000 

37 

120,000 

23 

240,000 

38 

120,000 

24 

240,000 

39 

60,000 

25 

240,000 

40 

60,000 

26 

240,000 




The first twelve fractious were inactive Total, 5 08 X 10® dilution units, yieici, 


75 per cent 


per cent and finally once from 20 pei cent methanol The activit}'' of the 
dried actmombin hehanthate w as found to be 0 5 7 pei dilution unit 
Analysts ^ — Two samples of actmonibm-hehanthate w^eie analyzed 
One sample (Fiactions 19 to 23, Table II) was lecrystalhzed thme times 
fiom 50 per cent, then once more from 30 per cent methanol The secon 
sample (Fractions 24 to 30) w^as reciystalhzed three times from 40 per cent, 
once fiom 50 pei cent, and once more from 20 pei cent methanol T- ^ 
analysis foi the first sample gave C 51 38, 51 38, H 5 80, 6 07, N ^ 
17 26, S 8 92, 8 82 The second sample gave C 51 37, 51 48, H 5 94, 5 , 

N 17 51, 17 29, S 7 33, 7 35 Ash was visible, but only a trace m both 
samples The disciepancy’’ in the sulfui content of the two sampl^^ 
the establishment of a defimte chemical formula impossible A dme an 
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thato of i b ISC Coni4N'\02 or C9ir22N&04 can only be tentative The melting 
pomtb of tlie hcliantlutcs varied between 206-214*^ (conected, decom- 
position) 

Comment 

The ictivc percolates of 1 iveuduhn and actmorubin hydrochlorides, after 
( hiom itographic punficition, aie colorless and, w4ien evapoiated, consist 
of white h3^groscopic powdeis The dr^'' weight of the most potent -frac- 
tions of 1 uenduhn w is 0 2 y pei dilution unit and of actmorubm 0 18 y 
per dilution unit \bsumuig tluit the antibiotics thus obtamed aie chem- 
ically pure, one can c ilculate that 1 htei of crude cultuie contams about 
40 mg of the antibiotic under average conditions 

La\endulm ind actinombin are similar m many lespects Both give 
a positn e biuret test and negative Sakaguchi and Molisch reactions Both 
will reduce Fehluig's solution slowl}^ on boilmg and reduce dilute KMn 04 
in the cold In this respect they i esemble sti eptothncin Both substances 
dialyze icadily through cellopliane,- and, when puiified, will wathstand 15 
mmutes boiling in aqueous solution at pH 6 to 7 without loss m activity 

The purification piocess as desciibed foi lavendulm and actmorubm 
permits lugh recoveiies and has the advantage that eveiy step m the process 
may be mterrupted at any time w ithout loss of material The antibiotics 
once adsorbed on Decalso can be stored m the cold m the dry state for 
months without loss m potency The same holds tiue for the liquid or 
dned NaCl eluates and the methanol e\tiacts The NaCl residues, after 
the methanol extinctions, still contam a small amount of active matenal 
and this can be returned in the column elution piocess, permittmg even 
ingher yields 

The antibiotics, lavendulm and actmorubm, may be purified by the 
carbon-methanol-HCI piocess as used m the puiification of streptothnem 
and streptomycin (4) When this process is used, the yields are much 
low^er than those resultmg fiom the cation exchange! method We have 
used the cation exchangei piocess m the purification of streptothnem 
(unpublished expenmen ts) and obtamed similar high 3 aelds as wath laven- 
dulm and actmorubm 

It IS unfortunate that the chemical analysis does not peimit the estab- 
lishment of a definite chemical foimula foi both antibiotics at the present 
time 


sumiARY 

From two strams of Acitno7nyces isolated fiom soil, two antibiotic pnn- 
ciples, lavendulm and actmorubm, ha\e been isolated as ciystalhne hehan- 
thates Both antibiotics are of a basic nature and are similar to each other 


* Visking Corporation, Chicago 
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Only tentative formulae foi their composition can be established The 
purification and isolation of the two antibiotics aie described Their 
chemical chaiacteiistics and leactions and their antibactenal spectra 
suggest some resemblance of lavendulm and actmorubin to strep tothncin 
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SULFVCTIX, V NEW VNTIBIO TIC SUBSTANCE PRODUCED BY 
V SOIL VCTINOMYCES-*’ 

RCNATE lUNOWICZ KOCHORVTY, WALTER KOCHOLATY,t 
AND ALBERT KELNERt 

{From the Dcparlmcnis of Physiological Chemistry and Bacteriology, and the 
n tlliam Pepper Laboratory of Clinical Medicine, School of Medicine, 

* Uniicrsity of Pcnnsyhania, Philadelphia) 

(Received for publication, February 17, 1947) 

We hive isolited in ciybtalline form an antibiotic substance fiom the 
cultuic filtrate of in Aclinomyces (R-30) found by one of us (R J -K ) in 
non-manuicd soil It is active against ceitain Giam-positive oiganisms 
and mactu e against Giam-negative bactena 
The Actinomyces, designated as R-30, ivas studied by one of us (A K ) 
and found to lesemble Aclinomyces loseiis m some le^ects It is impos- 
sible to state whethei it is a vanant of Aclinomyces loseus oi a new species 
No true spiials ^\clc seen but some aeiial hyphae fonned loops Cornelia 
are laige, spherical, and boine in chams The optimum tempeiature foi 
growth lb about 25°, giowth takes place at 20° and 37° but not at 15° 
Peptone and gelatm media aie not blackened A famt pmk soluble pigment 
is pioduced in calcium citiate, glucose-asp aiagine, and Czapek agai con- 
taining glucose instead of suci ose No soluble pigment was fonned m othei 

media studied Theie was abundant gi ay-buff giow^th on nutrient agax, 
sporulation was modeiate, white, becoming famt pmk Moderate giay 
growth was observed on glucose-asparagine agai with bnght pmk spores 
Glow th IS scanty, with pmk spoies, on Czapek agai and glucose-nitiate agai 
Theie is modeiate pmk vegetative giowth on calcium citiate agai wnth 
pmk spoies, the maigm of the colony is white GiowTh on calcium malate 
agai IS modeiate, wnth w^hite spores becommg pmk Theie is good giowth 
of dull pink coloi on potato, with veiy few white spores and questionable 
daikenmg of the potato Hydiolysis of staich is very pionounced Gel- 
atin IS liquefied, milk becomes alkaline and is digested 
The antibacterial substance can be extracted fiom the cmde culture with 
a-butanol The dry residue, aftei evapoiation of the solvent, is extiacted 

* This project has been supported by the Thomas Harvey Dougherty, Jr , Fellow- 
ship for Research in Brucellosis Fund and by grants from the Smith, Kline and French 
Laboratories and the Department of Agriculture Commonwealth of Pennsylvania 
t Thomas Harvey Dougherty, Jr , Research Fellow in Brucellosis 
t Present address, Biological Laboratory, Long Island Biological Association, Cold 
Spring Harbor, New York 
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SULFVCTIN 


mth chloioform and puufied by chromatogiaphic adsorption on Florisil * 
The chemical analysis of the antibiotic showed a lelatively high content of 
sulfui Foi this leason, we ha\e named the new substance sulfactin It 
IS the fiist antibiotic substance contammg sulfur which has been isolated 
fiom an Actinomyces 


EXPERIMENTAL 

Assay — The antibiotic activity is assayed by the stieak test against 
Staphylococcus aiiieus^ FDA stiam 1 dilution unit is the smallest amount 
of the antibiotic m 1 ml of nutrient agar which will suppress giowth of 
Staphjlococciis aiaem imdei the conditions of the test 

Specified amounts of the antibiotic aie mixed with 10 ml poitions of 
Bacto-nutuent agai, pH 7 3, m Petii dishes (Bacto-nutiient agai, de- 
hydiated, as used in standaid methods of watei analysis, is used It 
contams 5 gm of Bacto-peptone, 3 gm of Bacto-beef extract, and 15 gm 
of agai pel 1000 ml of distilled A\ater The medium is adjusted so that 
aftei autoclaving the final pH is 7 3 ) Aftei solidification, the test organ- 
ism {Staphylococcus ameus) is stieaked on the agar and mcubated at 37° 
for 18 to 20 houis 

Bacillus mycoides is somewhat (2 to 4 times) moie lesistant and Bacillus 
subtihs is about 2 to 3 times more susceptible than Staphylococcus aureus 
to the action of sulfactm and these oiganisms can be used for assay pui- 
poses by the filter papei disk oi cup methods 

Pwduchon of Antibiotic Substance — The cultuie medium consists of 10 
gm of soluble starch, 5 gm of Bacto-tiyptone, 2 gm of K3HPO4, 2 gm of 
NaCl, and 10 mg of FeSO^ 7 HoO m 1000 ml of distilled watei 250 ml 
portions of this medium axe placed m 1 htei Eilenmeyei flasks, autoclaved, 
and moculated vuth a spoie cultuie of the Actinomyces which has been 
groivn on glucose-asparagme agai 

The Eilenmeyei flasks aie placed on a shaker (2 mch stioke, 100 stroke^j 
pel mmute) and mcubated from 4 to 7 days at 28-30° On the 3id day of 
mcubation the activity is usually 300 to 400 dilution imits pei ml and m- 
cieases between the 4th and 7th days to 1000 to 4000 dilution imits pei ml 
Durmg this time the pH mcreases fiom 7 0 to 8 2 Fuithei mcubation 
lesults m a slow deciease of the activity and a contmued mcrease in the pH 

Pxinficaiion — 10 liteis of a ciude cultuie, assaying 1330 dilution umti> 
pel ml , of pH 8 2, weie centrifuged to remove the Actinomyces and some ol 
the slimy substance which had fonned dm mg the mcubation It yml cc 
7800 ml of a clear, viscous liquid contammg 10,420,000 dilution mn 
This cmde cultuie centrifugate was adjusted to pH 7 0 ivith 3 N sulfanc 

iThe Flonsil was kmdly supplied by the Floridm Company, Warren, Pennsy 
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uul iml i\lruU(l oucc with one fourth of its \olumc of n-butanol The 
n Milting imuNion w is hiokeii up tluougli ccntiifugation 1320 ml of 
Imt mol ( \ti u t Win obt iiiunl with 5,^00,000 dilution iimts oi 50 pei cent 
of thi uti\it\ofthi tiudcMultuu centiifugitc The butanol w as evapo- 
r itod lit tucuo at l*)^, fuitlu i diud o\ci C iC b m vacuo j and the di^'' lesidue 
oxtrutcd twne with ()0 ml ol boiling othci to ienio\e a gummy, 3'^ellow 
subst iiui I he uti\e piiiuiple w is o\ti uted at 45° with seveial small 
poitioiis ol ihloiofoim which wcie lilteied ind ga\e i total ^olume of 34 
ml with 7,320,000 dilution units (lliis dis ippeaiance of the activity in 
the but mol t \ti ict md the le ippeai nice in the chloiotoim was lepeatedly 
ol )'cr\e(l, t\in with tiic pmihc itioii of highly attue ciude cultiues ) 

Ihc (Ink blown thloiofoim c\ti itt was puiihed by chiomatogiaphy 
V i oliimii 2 i m in di imctei w i-^ filled w itli Flousii to a height of 21 cm and 
w isluil with ihloiofoini pioMous to idding the chloiofoim evtiact The 
ilcwelopnitiit iml c\ti utions lit t,hown in Table I 


1 IHLb I 

Ulsorpliun (iiiii Clulion of Sulfactin on I lonsil 


Iracuon No 

j Solvent 

Percolate 

Activity 

1 

1 ! 
[ 

ml 

dilution units 

1 

1 Chloroform 

1 150 


2 1 

5 % ctlmiiol in cliloroform 

100 


1 1 

10% 

100 

2,283,000 

4 

i 

200 

1 3,415,000 

0 1 

1 10% “ “ 

200 

1 136,000 

G 1 

10% “ “ 

100 

157,000 

i 


'i he hist poi tion of the pei colate w hich show ed actn ity w as usually veiy 
slightly yellow, while the followmg poitions weie coloiless Fractions 
3 to 0, with a total activity of 0,991,000 dilution imits (93 pei cent lecoveiy 
fiom the column), weie combmed and ecapoiated to diyness in vacuo at 
45° The diy lesidue was extiacted w'lth about 7 ml of chloiofoim at 45° 
and hlteied thiough a fatted glass funnel The antibiotic w as ciystallized 
eithei by conceiitiation of the chloroform or by the addition of ethanol 
The ciystals tiom chloiofoim were double pyramids which bioke apait as 
soon as the motliei liquid evaporated If crystallized from boilmg alcohol, 
the substance toimed needles ivhich did not bieak up and weie not hy- 
groscopic (see Fig 1) 

The fiist crop of crystals wms shghtly yellowish m coloi but became pure 
w'hite after repeated crystalhzations The yield was 0 186 gm of pure 
crystals (diied over P2O5), contammg 10 13 per cent moisture (alcohol) 
and 6,200,000 dilution units, or 60 per cent of the crude culture centrif- 
ugate 
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In highb" active ciude ciiltuies, 1 dilution unit had a cU}" v eight of 2 39 
T ith 19 4 pel cent ash In a less active cultuie 1 dilution unit v as 7 2 7 
In the ciystalhzed sulfactm 1 dilution unit equaled 0 027 7 (no ash), vhich 
lepiesented a 100 - to 280-fold puiification 
Piopeities — The ci 3 "stalhzed sulfactm is vei}^ soluble m chloiofoini, 
soluble in ethanol, ethyl acetate, choxane, and butanol, and somewhat 
soluble m methanol It is almost msoluble in watei, ether, peti oleum 
ethei, and benzene Sulfactm leduces Fehlmg’s solution upon boilmg 
The Sakaguchi, INIolisch, and biuiet tests aie uegatu e No coloi leaction is 
guen with a 1 pei cent solution of FeCh A peimanganate solution is le- 



Fig 1 Photomicrograph, of crystals of sulfactm (from ethanol-w ater) , X *1S0 

duced 111 the cold m either neutial 01 alkaline solution The substance ijj 
noth^^gioscopic 

The puie mateiial is not destio^md m boilmg alcohol 4 he crude culture, 
if adjusted to pH 7 with h^’^diochloiic acid and boiled foi 30 mmutea, 
lose 50 pel cent of its activit^^ Sulfactm (m 30 pei cent ethanol solution 
dial 3 ’’zes thiough cellophane w ith gieat loss of activity It does not contain 
phosphonis The qualitatne anatysis showed the piesence of sulfui ui 
nitiogen 

Anali/si ^ — A sample of sulfactm, seveial tunes ieci 3 ^stalhzed, w as use 
the anal 3 ses It w as diied o\ ei P2O5 tn vacuo at 61° (12 da 3 "s oiynig w e 

“ AU anal} ses reported m this section were kindlj’’ carried out the Smith, 
and French Laboratories 
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rcquncd before (he simple lonchccl a constint ^\cIgllt) The chemical 
uuU bis guc the following figuic^ C 30 15, 50 10, H G 17, 5 92, N 17 20, 
17 22, b 1101, 1122 riluihted foi CasIhoNnOr&S C 50 34, H 612, 
X 1701, b 11 lb IIowo\ci, i foiinuli hiving a lowei moleculai weight, 
buc h lb, for iiibt ince, C '27! I ^eomb to iib iho possible The melting 

point w lb louud to be 215-275° (collected, decomposition) 

Toxicilij — VcLoidmg to expeiniuutb conducted by Dr Haiiy E Moiton 
ol thib Uni\ eibity (m pie‘-‘>) 1 ml of the ciudc cultuie w as iion-to\ic to mice 
'Ihe puritied ^ubbt iiue lub it uoiablc iitio of theiapeutic to to\ic dose 

\'oteiy and Comments 

The pioduction of the antibiotic wa^ subject to gieat \aiiation, even if 
identical setb of spoicb wcie Ubcd foi inoculation In shallow layers the 
organibin pioducob onh ibout one-tenth of the activity obtamed m a 
''hake culture 

The firbt expcumentb on the butanol e\tiaction yielded mvaiiably 90 
to 100 pel cent of the actn ity fiom the crude cultuies, w^hile latei on no 
moic than 10 to 50 pei cent ol the oiigmal activity could be lecognized in 
the butanol (e\ en though about 70 pei cent w as actual^ piesent, as shoivn 
before) No e\plan ition foi the lowei yield m the butanol extiacts was 
foimd, but it was noticed that a slim}'' substance w^as foimed abundantly by 
the organibiu duung its grow th and deci eased consideiably during the latei 
btages of the w^oik AVith the deciease of the formation of the slimy sub- 
stance, the but iiiol e\tiactb yielded less and less active mateiial 

The e\puatioii of a leseiich grant has halted tempoiaiily oui attempts 
fiuther to chaiacteiize this antibiotic 

SUJiiLlRY 

From cultuies of an Aciiiiomijces isolated fiom soil a new’’ antibiotic sub- 
stance, sulfactiii, has been obtained m crystallme form Pioceduies for the 
punfication and crystallization of sulfactin are given 
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THE IN \ ITKO Tmi\(JVER OF DICARBOXYLIC AMINO 
VOIDS IX LIVER SLICE PROTEINS* 

Sirs 

Prcvioiib btudicb oil the incoipoidtion of ladioactive caibon dioxide into 
gl} cogcu formed b} i ibbit livei slices tii vitro^ indicate that the assimilated 
carbon dioxide m entei the caibohydiate molecule thiough the so called 
“citiic leuL’ cycle Ihc data piesented below demonstiate that glutamic 
and aspartic acids oi then piecui^sors, containing carboxyl groups labeled 
with in the couise of CO 2 assimilation, ha\e been exchanged foi piotein 
ammo acids 

The expel imental vessels, incubated for vaiying times as mdicated, con- 
tained about 0 25 gm of tissue slices and 2 cc of mcubating medium (Ca = 
10, Na = 72, K = 73, Cl = 85, HCO 3 = 40, pymvate" = 40, dZ-alamne = 
11 per htei , pH 7 5 to 7 3) Aftei the vessels had been flushed \viih 
5 pei cent C 02-95 pei cent O 2 , an aliquot of Na 2 C ^^03 (0 0015 mm) was 
added and the vessels wcie sealed The pH of the medium geneially fell 
from about 7 5 to 7 3 duiing the lains At the end of the incubation period 
an equal volume of ice-cold 10 per cent tiichloioacetic acid was added and 
the thoroughly giound liver tissue was washed twice with tiichloroacetic 
acid solution, thiee times with 50 pei cent alcohol-ethei, and once with 
ether The dry pioteins weze hydiolyzed 24 houis at 110° with 6 n HCl 
and the acid lemoved in vacuo One portion of the hydrolysate, aftei 
decoloiization, was decaiboxylated wnth mnhydnn," and the hbeiated CO 2 
piecipitated as BaCOa A second portion was fractionated with Ba(OH )2 
and alcohol and the insoluble fraction puiified by repiecipitation The 
absence of appieciable amounts of ammo acids othei than aspartic and 
glutamic acids m the lattei fraction w as showm by the filtei paper chromato- 

* This work was supported in part by a contract between Harvard Unwersity and 
the Office of Naval Research, and in part by a grant-in aid from the Josiah IMacy , Jr , 
Foundation 

‘ Buchanan, J M , Hastings, A B , and Nesbett, F B , / Btol Chem , 146, 715 
(1942) 

* Van Slyke, D D , Dillon, R T , MacFadyen, D A , and Hamilton, P , J Btol 
Chem, 141, 627 (1941) 
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gram technique ^ Tins fi action \\as also decarboxylated as above The 
hberated carbon dioxide from both the total hydrolysate and the banum 
fraction uas counted as baiium caibonate AVith an end window Geiger 
countei 

Aspaitic and glutamic acids constitute about 7 and 12 per cent of the 
hver protems, lespectively ^ If all the radioactivity of the protein hy- 
drolysate lesided in the a-caiboxyl gioup of glutamic acid and either the 
a- 01 7 -caiboxjd group of aspartic acid (both of which aie hberated by 
mnhydnn), the activities m Column 5 should be about 3 9 times greater 
than the conesponding values in Column 4 Since this latio (Column 6) 
averages 3 5, it may be concluded that essentially all of the radioactivity 


All the vessels contained approximately 450,000 counts per minute per dim of 
inorganic carbon 


Expemnent 

No 

(1) 

1 

1 

Additions 

1 

! (2) 

Incubation 

time 

(3) 

Counts per min per mi£ car 
boxyl C 

Corrected for background j 
and self absorption 

Column 5 
Column 4 

(6) 

1 

1 Total 

hydrolysate 

(4) 

Dicarboxylic 
ammo acid 
fraction 

(5) 


1 

hrs 




1 


0 

0 

0 


2 



59 

270 

4 6 

3 



160 

520 

3 2 

4 



500 

1840 

3 7 

5 

, 2 mg glutamic acid 


590 

1540 

2 6 

6 

[2 ‘‘ each glutamic 


450 

1380 

3 1 


1 and aspartic acids 





Average 

3 5 


mcorpoiated by the hvei pioteins undei the conditions of these expeiiments 
IS situated m the dicaiboxyhc ammo acids 

Department of Biological Chemistry Chbistian B Anfinsen 

Harvard Medical School Anne Bbeoff 

Boston A Baibd Hastings 

A K Solomon 
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PREFERENTIVL UTILIZATION OF LACIOSE BY A STRAIN 
OF L VCrOHVCTLLrS BULGARICUS* 


Sirii 

In the cour^'C of i ">ui\e 3 of the iiutiitionil lequiiemeiits of ceitain 
1 ictobaeilli, in oig \\ is cncountciocl ^\luch failed to giow in a medium 
coiltuning ill of the known nutritional esseiitialb foi lactic acid bacteiia 
plus glucose iiid idded >cast extiact Ileav} glow th occuried in 16 to 24 


Preferential hermentation of Lactose by a Strain of Lactobacillus bulgaricus 


\dJ 1 tion 5 p«r 10 cc 
medium Lacio c 1 

Culture turbuht> 

Additions per 10 cc medium* 

Culture turbidity 

Lactose 

Glucose 

mg 

per cent incident 

mi: 

j 

per cent incident 

ligPl transmitted 

light transmitted 

0 

96 

0 

; 100 

96 

10 

! 82 

10 

! 100 

73 

20 

67 

20 

100 

56 

50 

I 19 

50 

1 100 

46 

100 

11 

100 

[ 100 

1 H 


* The basal medium contamed, per 10 cc , tryptic casein digest,! 50 mg , aspara- 
gine, 1 mg , cystine, 1 mg , ademue, guamne, and uracil, 100 y each, pyndo\al, 
thiamine, and p aminobemsoic acid, 1 y each, calcium pantothenate, riboflavin, and 
macin, 27 each, folic aud,0 067, biotin, 0 0l7,Salts AaudB,tO 05 cc each, sodium 
acetate, 60 mg , Tw een S0,§ 10 mg , and Difco 3^east extract, 10 mg 1 mg of cysteine 
hydrochloride was added just before autoclaving Autoclaved 6 minutes at 15 
pounds pressure Cooled iiid inoculated immediately Incubated at 37° foi 40 
hours 

t Roberts, E C , and Snejl, E E , J Biol Chem , 163, 499 (1946) 
t Snell, E E , and Strong, F M , Ind and Eng Chem , Anal Ed , 11, 346 (1939) 

§ A non toxic source of fatty acids, see Dubos, R J , Proc Soc Exp Biol and 
Med , 68, 361 (1945), 63, 56 (1946) 

hours when whey was added Imestigation showed the effective con- 
stituent of whey to be lactose The giowth lesponse to added lactose m 
the piesence and absence of glucose is shown m the table In the piesence 
of small amounts of lactose, glucose enhances giowth, although glucose 

* Supported in part by grants from Merck and Company, Inc , and the Research 
Fund of the University Published wnth the approval of the Director of the Wis- 
consin Agricultural Experiment Station 

^ This orgamsm was originally isolated from cow^s milk, and has been carried 
since isolation (about 10 years) by monthly transfer in litmus milk containing calcium 
carbonate Its general characteristics resemble those of Lactobacillus bulgaricus, 
closer examination may necessitate a change in species designation We are indebted 
to Professor W B Sarles for a culture of the orgamsm 
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alone does not permit giowth imdei the conditions used A commeicial 
sample of galactose was less than 3 pei cent as active as lactose Cmde 
lactose, seveial times leciystallized lactose, and commeicial /5-hctose 
were equally effective, showing that the effect was not due to an impurity 
It has been assumed quite geneially that only monosacchaiides ueie 
diiectly feimented, while compound sugars veie feimented only aftei 
piebmmaiy hydiolysis to their component monosaccharides These con« 
elusions have been questioned by various investigators woiking uith 
yeast,- but until lecently no convmcmg evidence to the contiaiy has been 
piesented Recently, however, Myiback and Vasseur^ have demons tiated 
that some yeasts (e g Saccharoviyces fragihs and Toi ula lactosa) femient 
lactose moieiapidly than equimoleculai nnxtures of glucose and galactose 
In no pievious instance, how^evei, have diffeiences of the magmtude shown 
aboie been obseived, noi has the phenomenon been pieviously observed 
with bacteiia The oigamsm is bemg studied fuithei 

Department of BtochemiHry E Hoff Jorgensen ^ 

College of Agiiculture Willlui L Williams 
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ON 'PIIE REPORTED STEMULVTION OF BACTERIOPHAGE 
SYNTHESIS BY INDOLE-3-ACETIC ACID 


When Eiichu icliia colt B, giowu in nutuent bioth and tiansfeiied to 
a defined medium, \\ ib infected with To bacteiiophage, a piolonged latent 
period of \nub multiplication uid tcduced }ueld of mi us zesulted, as com- 
paud to \iru"j pioduction when the same oiganisms weie infected in 
nutrient broth It was repoitcd^ that supplementation of the defined 
medium with iiidole-3-acetic acid, obtained fiom the Eastman Kodak 
Companv, btimul ited \ mis synthesis It has not been possible to confiim 
thi^ btimul itor3 eftect wath i piep nation of mdole-3-acetic acid orgmating 
from E R Squibb ind Sous Se\eial othei piepaiations of undeteimined 
origin h i\ e f uled to stimulate viius synthesis \ctive and mactive piepa- 
rations po^'^e-sed the same melting point We are unable to explain the 
nature of the previously icpoited stimulation 
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phosphatases was found One of the animals in this group had maiked 
kidney and li\ei damage, and in this lat both the acid and alkahne phos- 
phatase activities of the kidney weie appieciably lowei than normal This 
may be mteipreted as a to\ic effect of alloxan, and has been lepoited 
pieviously by Menten and Janouch ^ In eight animals m which alloxan 
diabetes was well estabhshed, as judged by large outputs of glycosunc 
urine (25 to 65 ml pei day), at 4 to 14 days (average 6 days) aftei alloxan 
admmistration both the acid and alkahne phosphatase activities weie 
increased, by 23 and 37 pei cent respectively The incieases weie highly 
significant statistically {t and P values in the table) 

These findings, mdicative of mcieased dephosphoiylation m the livei of 
alloxani^ed rats, suggest that the role of the phosphatases m carbohydrate 
metabolism m the diabetic state should be considered 
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IMl’OlU well OF ( ()\ ^llOLLI^G pll IN TPIE 
hCIIVLl'^ V\l) .sCHVLIlS MEi'IIOD OF 
('HI OHIDK DKTKinriX VTION 

Uu*>impl( niciLUi imctiK inelliodMoi the i ipiddeteiTniiiationof chloiide 
in hioloj^u il fluids si(isfutoi\ loi neuti d oi slightly acid solutions but 
not for liuids of low chloiide content uul high alkdinity Difficulties may 
occur, for c\ imple, witli the mines of indiMdinls leceivmg alkali theiapy, 
luxving i linn iiw t r ict infection, oi t iking a low s ilt diet, oi with mines that 
lui\c been It room tcinpci itme foi 21 houis oi longei m which bacterial 
let ion his nuieued the ilkihnit 3 Vddition of the indicatoi, diphenyl- 
taib i7one, to s iinplcs of this typo gives <i s ilmon-pink coloi , then on titia- 
tion with the st iiid iid nicrcmu mtiatc-mtnc acid solution a deep lavendei 
coloi appeirs winch mi}' not disappeai befoie the chloride end-pomt is 
reached Ob^cuations of this intuie ha\e guen the impiession that the 
mercuimietiic method is not applicable to chloiide detenmnations in 
urine - 

Diphenylc iib izone in solution is coloi less at pH 6 and lowei , faint pink at 
pH 7, salmon-pink at pll 8, and deep salmon-pink at pH 9 and higher 
In the pink solutions of pH 7 and highei the addition of mercuiic nitrate 
solution immcdiitcly gives an intense lavendei color, w^hich is piobably 
related to the dissociation of the meicuiic complex in alkaline solutions 
Titrations of known and unknown samples at pH values langing fiom 
10 to 110 liave showm the most accuiate end-pomt in the titration to 
occur with solutions having at the beginning of the titiation a pH of 4 5 
to 6 0 Inconsistent and uniehable lesults weie obtained at pH values of 
4 0 and below Loss of sensitivity with incieasmg acidity has been ob- 
served by Feigl,^ w'ho stated that diphenylcaibazone w^ill detect mercuiy 
salts in 0 1 N IIN O3 at a concenti ation of 0 4 mg of Hg pei 100 ml , but that 
luO 2 ^ HXO3 a minimal concenti ation of 2 mg pei 100 ml is necessary to 
give a color wuth diphenylcaibazone 
Foi the chloiide deteimination in biological fluids wnth low chloride 
i-ontcnt and high alkalinity the pioceduie has been modified as follows 
If, on the addition of the diphenylcaibazone mdicatoi to the unknowm 
sample a pink coloi develops 01 if the fust diop of mei curie nitiate solution 

' Schales, 0 , and Scbales, S S , / Btol Chem , 140, 879 (1941) 

® Hawk, P B , Oser, B L , and Summerson, W H , Practical physiological chem- 
istry, Philadelphia, 12th edition, 675 (1947) 

^Feigl, F , Qualitative Analyse mit Hilfe von Tuepfelreaktionen, Leipzig, 163 
(1938) 
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produces a lavender coloi, dilute (appio\imately 1 n) nitric acid is added 
diopvnse (0 02 ml ) until the coloi just disappeais This leaves the solu- 
tion at appioximately pH 6 The titiation then can be earned out to a 
satisfactoiy end-point Caie should be taken to avoid adding an excess 
of mtiic acid, each diop should not exceed 0 02 ml 
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nil. M,l'\l{ \ I l()\ VM) ('ll VK \('l I'.in/AI l()\ OK 
I’lKlMs I\ \Ii\( 11, VMOIM^OI- MCLICIC 

veil) Il\ N 

>^n ^ 

'1 lu> hii)I<)(;u »1 import iiui of muleio icicU ind micleotules has piomptccl 
(he elihoritum of methoiK foi the sepuition and identification of then 
u)n..ti(iu nt«i in minute imonnts 

'1 lie M-p n Ulon of llu* {)onn(s pios'iit in niuloio acid hydiolysates \\as 
cficctcd h\ uiudinu nsion il piilition ( hiom \togiaph\ on paper, simihi to 
the proc((lnrtMlc*\i lojud for the sop ii ition of imino xcids,4n the identifica- 
tion of ihc luduidiiil piuinis w is made of then characteristic ultia- 
Molet il>soiption sp(( tri '1 he jiiitition sohent mi\tuio consisted of 3 1 
qianoliiio colliiliiu , svtiuitid l>y being shaken iMth 15 parts of watei 
rile puum s, st‘p ir ited on the 50 cm long adsoiption ships (Schleichei and 
Schull No 507), weu m ulo \ isible as follows Ihe ethei -washed papei was 
'^priNod with 0 25 m moiiiUK niti ito in 0 5 \ HNO3 , washed wath 0 5 xN 
HXOj nid watci, uul tieatcd with icineons ammonium sulfide Cleaily 
‘^eparitcd 1)1 ick spots of IfgS thus indicated the positions (fiom the top 
dowiiw ud) of gu unne, ideinue, ind \anthine, the Ry values^ of which 
wcie 0 2(), 0 30, 0 01 respeatneh Vs little as 5 7 of piiime could be 
demonsti ited 

Foi the spec tioscopu e\imination of the scpaiated purines in the Beck- 
niuispectiophotomctei, small loctangles wcie iemo\ed fiom an imtieated 
adsorption sliip (with the guidance of a paiallel-tieated ship), steamed to 
lemove intoifering tiacos of quinoline, and ext i acted with waim n HCl 
rhe extiact fiom a simil 11 ly tieated piece of papei taken from beneath the 
adsorption zone seived as blank 

Because of the low solubility of the puiines m watei, acidic solutions 
(usually m ir2S04) weie subjected to paitihon At the end of the adsoip- 
bon, ud\ lutage was tikcn of the stiong fluoiescence of quinoline sulfate 
iindei a quaitz lamp, in older to asceitain the extent of the acid zone, since 
SQpaiation was moie complete w^hen all puiines had migiated below’^ it 
^\opioximately 0 3 pei cent solutions of pin me at pH 1 pio\ed best 

The lesults given by thiee nucleic acid piepaiahons are illiistiated in the 
iiccompanying table 8 mg of the substance weie tieated with 0 4 cc of 2 
per cent IIsSO^ in a sealed tube at lOO'^ foi 3 hours The hydiolysate was 
adjusted to pH 1 with 2 n NaOH and subjected to separation in 0 01 cc 
poitions (coiiesponding to 200 7 of nucleic acid) TJndei the conditions of 

' Consden, H , Gordon, A H , and Martin, A J P , Biochevi J , 38, 224 (1944) 
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the expel unents, adenine and gnanine ^Aele the onl}’’ puimes encounteied m 
demonstrable quantities 

Details of the method, the extension of i\]iicli to quantitative eslimalion 
IS being exploied, will be piesented latei togethei with studies on the 
separation of other nucleic acid constituents 



Absorption maxima 

Preparation 

Hydrolysate 

Separated punnes* 


chromatography 

Adenine i 

Guanine 




W\i. 

Ribonucleic acid of yeast 

266 

263 

250 

Desoxyribose nucleic acid of calf thymus 
Desoxypentose nucleic acid of ox spleen 

266 

263 

262 5 

249 

249 5 


* Synthetic specimens of adeiune and guanine, examined m a similar way, e\ 
hibited absorption maxima at 262 5 and 249 respectively 


One of us (E V ) took part m this work while holding a Swiss-Ameiican 
Student Exchange Fellowship The investigation uas aided by a lesearch 
grant of the United States Public Health Service and by the Rockefeller 
Foundation 
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Dclojf, Hastings, and Solomon, 111 
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Craig, 
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Fnedberg and Greenberg, 
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and Greenberg, 
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Hassid, and Barker, 733 
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phoryUbe, relation, Doudorojf, Bark- 
er, and Hassid, 725 
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liver, tcfatosteronc, effect, Samuels, 
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Stetten, 
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Formaldehyde -Protein reaction Fraen 

kel Conrat, Brandon, and Olcolt, 

^ gramicidin relation, Fraenkel- 

Conrat, Brandon, and Olcolt, 99 

indole groups, relation, Fraen- 

kel Conrat, Brandon, and Olcolt, 


Glucose Renal threshold mechanism 
Uaish and Drabkxn, 

T«l.».=e, B..m« 
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hydrolysates, determination, Dun?i, 
Carme7if Shankmanj and Block, 43 
Pteroyl-, related compounds and, de- 
termination, chemical, Hutchings, 
Siokstad, Boothe, j^Lowat, Waller, 
Sngicr, Semh, and SuhhaRoio, 705 
— , sulfasuxidme-induced deficiency, 
tyrosine o\idation, liver, Rodney, 
Siiendseid, and Siuansoti, 395 

— , utilization, chick, Jukes and Siok-- 
siad, 563 

Pteroyltri-, utilization, chick, Jukes 
and Stoksiad, 563 

Glutamine Synthesis, enzymatic, Speck, 

403 

Glycine Blood, total amino acids, rela- 
tion, Gutman and Alexander, 527 
Body fluids, Christensen, Cooper, John- 
son, and Lynch, 191 

Pjotem hydrolysates, determination, 
Leuconostoc niesenteroides use. Shank- 
man ^ Carmen, and Dunn, 51 

Glycogen Liver, scurvy, relation, 
Baner jee and Ghosh, 207 

Glycosuria Phlorhizin, kidney phos- 
pliatase, Marsh and Drahkin, 61 
Gramicidin Formaldehyde-protein reac- 
tion, Fraenkel Conrat, Brandon, 
and Olcott, 99 

H 

Hexokmase Keaction, adrenal corte\, 
anterior pituitary, and insulin, ef- 
fect, Colowtck, Con, and Siem, 5S3 
Hippuric acid Synthesis, liver homo- 
genate, Borsook and Dubnoff, 397 
Hydrogen jRadioactive, body water de- 
termination, use in, Pace, Kline, 
Schachman, and Harfemst, 459 
Hyperglycemia Alimentary, kidney 
phosphatase, Maish and Drahkm, 


Indole Groups, formaldehyde -protein 
reaction, relation, Fraenkel-Conrat, 
Brandon, and Olcott, 99 

Tryptopliane synthesis from, by Lacto^ 
bacillus arabinosus, vitamin Bs role, 
Schueigert, 283 


Indole-3 -ace tic acid Bactenophage 
thesis, effect, CoAen and Fonler, 

Insulin Hexokmase reaction effe 
Colowick, Con, and Stem, ; 

Pancreas, scurv} , relation, Baner 
and Ghosh, \ 

Pancreatectomy and fatt^ In^ 
casein effect, Chaikoff, Enterwif 
and Montgomery, | 

Iodine Blood serum, determination, 
distilled water and amylose use, ^ ' 
and Siegfried, 

Isoserine Absorption, gastrointest ^ 
tract, Schofield and Lewis, 
Metabolism, Schofield and Lewis, 

K 

Kidney Glucose threshold, median jj 
Marsh and Drahkm, 

Phosphatase, h} perglycemn, nhiL 
tary, Marsh and Diahkin, ^ 

— , pldorhizia glycosuria, Marsh ^ 
Drahkin, 

Tubules, ammonia secretion, ai 
acid r61e, Loispeich and Pitts, 

See also Nephrectomy 
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Labor Blood plasma aim no acid 
amino mtrogen, Bonsnes, 

Lactic acid Bacteria, acid produc 
carbohydrate effect, Carmen, 
and Salle, j 

ammo acid reqmrements, ij 
Shank man, Carmen, and Block J 
— , vitamin requirements, Shard 
Carmen, Block, Men t field, 
Dunn, 

Lactobacillus arabinosus Trypto] ^ 
synthesis from indole and anthr | 
acid by, vitamin Be role, Schm^ 

Lactobacillus bulgarlcus Lactose ! 
zation, Ilojf-J^rgensen, ^ 
and Snell, 

Lactose Lactobacillus hulgaricus u 
tion, Hoff^J^rgensen, Williariu^ 
Snell, ^ 

Lavendulin Aclinomyces - prot 
Junoimcz-Kocholaiy and Koo ^ 
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, imiution, colorimetric, micro , 4,4'- 
^ tctramcUiylduniinotnphenylmcth- 
inc use, Gates and Elhsj 537 

j lanln Chemistry, Masorif 433 

thane 1, 1'-Tetramethyidianunotri- 
phenyl-, manganese determination, 
(olonmetnc, micro-, biological nm- 
U rials, use in, Gales and Ellis ^ 537 

^ithylnlcotlnamide N^-, 6-pyridone, 
urine, isolation, Knox and Gioss- 
\ ^ man, 363 

* tryptophane conversion, vitamin 
Bo deficiency, effect, Schweigert and 
Pearson, 

“"^ithyl orange Organic compounds, 
basic, biological material, de termina- 
ls tion, use, Brodie, Udenfrtend, and 
K Dill, 


I Monochlorophenoxyacetic acld(s) 

Ml talxilism, f cmj and Lewis, 21 i 
Muclligc lla\scc(l, ind( rson and Loivt, 

289 


* N 

j Naphthoquinone (s) Rcspirition, effect, 
Ball, [nfinscn, and Cooper, 257 
t Nephrectomy Radio xclive phosphoius 
met ihoiisiii, effect, Tueedy, Clnlcoic, 
and Palras 597 

Nicotinamide Diiucotinylormthine, me- 
t ibolitc Dann and Huff, 121 

Ml tin I , G pyridone, urine, isola 
lion, Knox and Giossman 363 

— tiyptophaiK loiiversion, vitamin 

He ilclicicnc\ effect, Sclmeiyeit and 
Pearson, 555 

Nicotinic acid Iryptophaiie conversion, 
vit uniii Be dohclenc^ , effect, Schuei 
(jtrt and Ptaison, 555 

Nitrogen Vimiio Sec -Vinino nitrogen 

— icul, blood plasma, Brenei , Biown, 

Haney, and Hoi wilt, 145 

, , pregnancy , labor, and puer 

perium, Bonsnes, 345 

Nuclease Desoxynbo , bacterial virus 
; properties, use 111 study, Cohen, 511 
Nucleic acid(s) Hydrolysates, purine 
sepiration and cluracterization, Vis 
chei and Chaigajf 781 

Nucleotide Diphosphopyndine, prep 
amtion, LePage, 623 

O 

Organic compound (s) Basic, biological 
material, detenaination, Brodtc, 
Udenfi tend, and Baei , 299 

Biodie, Udenf) tend, Dill, and Down- 
ing, 311 

Brodie, Udenfrtend, Dill, and Chen- 
kin, 319 

Brodie, Udenfrtend, and Taggart, 

327 

Brodie, Udtnfriend, and Dill, 335 
losephson, Udenfrtend, and Brodie, 

341 

— , , — , diazomum salts, use, 

Brodie, Udenfrtend, and Taggart, 
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ESIBKS: 


Sulfasuxidine -Induced pteroylglutamic 
acid deficiency, tyrosine OMdation, 
liver, Rodney, Swendsetd, and Stian- 
son, 395 

Sulfonic acid(s) Succimc acids, struc- 
turally related, oxidation, effect, 
Klotz and Tietze, 399 

T 


Tyrosine Chick, Grau, 4 S{ 

Egg, Grau, 4 qi 

Oxidation, liver, sulfasuxidine-inducv.? 
pteroylglutamic acid deficiency, Rod' 
ney, ^wendseid, and iSftcanson, 3^ 

Tyrothricin Pemientation liquors, d 

termination, Rtttenherg, Sternber 
and hyuater, 1 


Testosterone Liver enzymes, effect, 
Samuels, McCaulay, and Sellers, 

477 

Tissue extracts, determination, Sayju 
^ids, 471 

Tetramethyldiaminotriphenylmethane 
4,4'-, manganese determination, col- 
orimetric, micro-, biological maten- 
als, use in, Gates and Ellis, 537 
Thiamine Excretion, thiamine ingestion 
effect, Mxckelsen, Caster, and Keys, 

415 

Thyroparathyroidectomy Radioactive 
phosphorus metabolism, effect. 
Tweedy, Chilcote, and Patras, 597 
Tocopherol (s) a-, and y-, fat, deposi- 
tion and antioxygenic behavior, 
Lundherg, Barnes, Clausen, La) son, 
and Burr, 379 

Tomato Pectase, HilU and Mottern, 

651 

Transglucosidase Glucose-transferring, 
enz> me, mechanism, Doudoro^, Bar- 
ker, and Hassid, 725 

Trypsin Chymo-, tyrosinase effect, Ed- 
man, 367 

rosinase effect, Edman, 367 

Tryptophane Determination, p-dimeth- 
3 daminobenzaldehyde use, Graham, 
S?mth, Hier, and Klein, 711 

N^-llIethylmcotinanude, conversion, 
vitamin Be deficiency, effect, Schwei- 
gert and Pearson, 555 

Nicotimc acid, conversion, vitamin Be 
deficiency, effect, Sckweigert and 
Pearson, 555 

Synthesis from indole and anthranilic 
acid by Lactobacillus arabinosus, 
vitamin Be rdle, Sckweigert, 283 
Tyrosinase Chymotiypsin, effect, Ed- 
inan, 367 

Pepsm, effect, Edman, 367_ 

Trypsin, effect, Edman, '367 


JJ 

Uric acid Blood, determination, euz 
inn tic, Block and Geih, 7 

Urine Coproporphynn isomers, dete 
minatiou, micro-, Schwartz, Haxcki 
son, Cohen, and Watson, h 

Creatinine, phosphocreatme hydrol} 
SIS, relation, Borsook and Duhnoff, 

4' 

Fat-mobilizing agent, excretion, Tit 
and Stette? 2 , 1 

N^-i\Ietbylmcotinamide 6 pyndone, i 
olation, Knox and Grossman, 3 
Stilbamidine determination, fluoroph 
tometric, Salizman, 6‘ 

Sugar See also Gl^^cosuna 


V 


Virus Bacteria, properties, stteptomj 
cm and desoxynbonuclease in stud 
Cohen, 


Vitamin (s) See also Thiamine 

Be deficiency, tryptophane converse 
to methylmcotmamide and mc<j 
time acid, Sckweigert and Pcorsoij 

55) 

— , tryptoplmne synthesis from indot 
and anthranihc acid by Lactobacilli 
arabinosus, rdle, Sckweigert, 

C ^ee also Ascorbic acid 
Lactic acid bacteria, requiremenW 
Shankman, Camten, Block, 
field, and Dunn, y 


W 

Water Body, determination, radioactiy 
hydrogen use, Pace, Kline, 
man, and Harfenist, ^ 

Redistilled, blood serum iodine deter 
nunation, use, Man and Stegfrie 




